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WAR-TIME DESTROYER PROGRAM, ' 


By Lieut.-Comprs. W. C. OWEN : 
AND 
Joun F. Suarrorn, Jr., U.S, Navy, MemBers. 


The: war-time destroyer program: 'was,: in ‘accordance: with 
various acts. of Congress, passed between August 29,’ 1916, 
and July 1, 1918; the destroyers authorized are listed in the 
following table. 

All of these destroyers are now completed or nearing com- 
pletion, with the exception of destroyers Nos. 200-205, the 
contracts for which were cancelled after the armistice was 
signed. ‘Twelve more destroyers were authorized by the act 
of July 1, 1918, but the contracts have not been let. 
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2 % 
> ; : 2 Date of 
§ & Builder & a Contract 
A E 
75-78 |Bath Iron Works:......0.-..0sssese0s Aug. 29, 16 Nov. 30, 16 
79-86 |Fore River Shipbuilding Co......| Aug. 29, 16 Dec. 26, 16 
87-92 |Union Iron Works............0.s00 Aug. 29, 16 Dec. 30, 16 
93-94 |Navy Yard, Mare Island........., Aug. 29, 16 Dec. 6, 16 
95-102 |Fore River Shipbuilding Co...... Mar. 4, 17 Apr. 27, 17 
, 103-112 |Union Iron Works.........s....s00s Mar. 4,17 May 4, 17 
113-118 |Cramp Ship & Engine Bldg. Co.| Mar. 4, 17 May 2, 17 
119-124 |Newport News D. D. &. Ship- 
building Co...........3.. eaecapuiaiae Mar. 4,17 June 29, 17 
125-130 |New York Shipbuilding Co...... Mar. 4, 17 July 11, 17 
131-134 | Bath Iron Works................0000 Mar. 4,17 Aug. 31, 17 
135 Navy Yard, Charleston............ Mar. 4, 17 Aug. 7, 17 
136-141 |Navy Yard, Mare Island........... Mar. 4, 17 July 20, 17 
142-156 |Cramp Ship & Engine Bldg. Co.} Mar. 4,17| * Sept. 8, 17 
157-160 |New York Shipbuilding Co...... Mar._4,17| . Sept. 28, 17 
161-170 | Fore River Shipbuilding Co...... Mar. 4, 17 Sept. 7, 17 
171-180 |Union Iron Works..............0066 Mar. 4, 17 Aug. 15, 17 
181-185 |Newport News D. D. & Ship- 
building Co......cciesccseesees seseee Mar. 4, 17 Sept. 28, 17 
186-205 |Newport News D. D. & Ship- 
building Co.....cseorersessensevaiaes Oct. 6,17 Feb. 14, 18 
206-230 |Cramp Ship & Engine Bldg. Co.| Oct. 6, 17 Dec. 19, 17 
231-250 |New York Shipbuilding Co...... Oct. 6,17 Dec. 29, 17 
251-295 | Fore River Shipbuilding Co ..... Oct. 6,17) Dec. 6, 17 
296-335 |Union Iron Works...........0+. «| Oct. 6,17-| Dec. 6, 17 
336-341 |Navy Yard, Mare Island......... «| Oct. 6, 17 Jan. 22, 18 
342-344 | Navy Yard, Norfolk........ covcserss| Oct. 6, 17 Jan. 25, 18 
345-347 |Bath Iron Works............... esses July 1, 18 Jul. 27, 18 
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No attempt will be made in this article to give the exact de- 
scription of any particular destroyer, but. rather the installa- 
tion of the destroyer as a general type, and notes,made where 
certain groups, in many cases, vary from this installation. 


PRINCIPAL HULL DIMENSIONS. 


Length between perpendiculars, feet and inches.........0....++.. 310- 0 
on L. W.L., feet and inches......... ... Ryascccsacesus Petes 310- 0 
over all, feet and inches......../...... CinighT a iilakl, Rd 314-44 
Breadth, extreme, on L. W.L., feet and tmchae i ccalevceliakcs cashes 30- 8 
molded, feet and inches................csccsecsseescsseneeeees 30-113 
Draft, mean, to L. W. L., feet and inches............c0.scsse0e 9-0 to 9-4 
Displacement, corresponding, tons s..0.02.. disdeccncsesecaveseescoeee /TI§4 to1215 
perinch at L.W.L., toms..........:..sccseeeeeeeseeees 15.4 to15.5 
Ratio of length to beam (L..W.L.)....-0000csccsssseenesessoeceenes eoenee 10.02 to 1 
Coefficient Of DIOCK 2.262 55....0. 2... ececeseses bectscdecccsssccseveneeeetsees -472 
midelthyyss 657) 9R5.0090 7S... ey Aves einl ped 754 
Jig Wi Vac UG hiv « cecpigcsoaasecssccescnmy ose cncevace soso: 680 


GENERAL, DESCRIPTION OF HULL, 


All the destroyers of this program are of the flush deck type 
and have four smoke pipes. ‘The’ earlier boats had two 
wooden masts and a twenty-four inch searchlight on the top of 
the emergericy cabin forward of the foremast, and a’ similar 
light on the after deck house abaft the mainmast. ‘These’ 
boats also were provided with gun foundations for only four- 
inch 50-caliber guns. 

Experience gained during the war indicated that the above 
design was susceptible of improvement, and accordingly the’ 
later boats of the program were provided with gun founda- 
tions for five-inch 51-caliber guns, the searchlights were placed 
on a platform abaft the smoke pipes and so arranged that both 
or either light could be used on either side, and the tall main- 
mast was replaced by a small stub mast only high enough to 
carry the radio aerial well clear of the smoke pipes. These 
boats were’ provided with a small navigating searchlight on 
top of the emergency cabin to replace the twenty-four-inch 
light moved amidship. 
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Main: Deck.~~The mainedeck extends the entire length. of 
the vessel-and’ slopes ‘aft from:stem to istern., The deck at the 
forward point of the forecastle is sixteen: feet above the water- 
line, while atthe stern it'is only eight feet: 

Chart House-—Radio. Room.—The chart house and radio 
room are on the main deck between frames 40-51, the chart 
house being located on the center line while the radio room’ is 
abaft the chart. house and. slightly offset:to. port. There is a 
_ passage-way on both sides otitbdard of the ‘chart “housé’ and 
radio room. 

The forward sides of the chart»house are extended: to the 
sides of the ship forminga watertight bulkhead’ which affords 
protection to the crew in wet weather and keeps the after, part 
of the main deck comparatively free from watet.« This bulk- 
head has a watertight door on each side and these afford ac- 
cess to and from the forecastle. 

Bridge.—The top of the chart house and the radio room 
forms part.of the deck of the navigating bridge. The after 
end of the bridge extends from side to side of the ship and is 
just forward of the foremast. The forward side of. the bridge 
conforms in, shape to the watertight bulkhead and. forward 
sides of the chart house, and a comfortable and roomy bridge 
is obtained. ‘The -bridge is provided with parabolic wind- 
shields and, is.enclosed with. non-shatterable glass windows, 
generally. of the vertical sliding type. On most vessels, an 
emergency cabin of comfortable size is located on the center- 
line near the after end of the bridge. The top of this emer- 
gency cabin forms the main fire control and. director. station 
of the ship. : 

Midship Deck House.—Between the second and third smoke 
pipesis built up a midship deck house, sufficiently. strong. to 
carry the, two main, battery, guns mounted, thereon... In. the 
earlier boats, the sides of this structure were.open, but in, the 
later boats where five-inch foundations Were necessary the 
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frames svepascckisiy the deck house were ‘covered; with,:steel 
plate. ; 
Galley,—Inside, the onewuiteb soit on the main dak on 
the centerline is placed the galley, fitted with a two-section oil- 
burning. range, one twenty-gallon coffee urn and two. ORR 
gallon steam-jacketed kettles. 

Outside the galley on either. side. are the trunks for the | se 
draft, blowers that supply air to the firerooms, while outboard 
of jthese, on either side of the ship) i is a, /passage-way. 

After, Deck H ouse, —The after deck house extends . from 
frame No. 144 to. frame, No. 155 and includes the crew's. wash- 
room and toilets, and the torpedo repair shop. me 

First Platform, Deck——From_ forward to aft are located 
stores, anchor engine room, °C. Fr O.’s quarters, showers and 
toilet, officers’ quarters, office, and abaft the engine room, 
crew's quarters and steering engine room. 

Second Platform Deck,—This deck extends from the how 
to frame No. 49, and on itvare' located from forward to aft, 
paint locker, chain locker, store-rooms and crew’s quarters, 


, COMPLEMENT. 

Provision is made for the following complement : 
Commanding Officer’ o.2..00 0. SSS PUI 1 
Other: Officers 5 ed OEY EAN ee Se 5 
Ceow the. alter cum parties 0 Wie BFS PI 110 

TEBE Pe ee “176 
BATTERY. 


The battery of these destroyers consists of four four-inch 
fifty-caliber, case guns and,one three-inch twenty-three caliber 
anti-aircraft gun, «The. main battery) is: owe as’ follows: 

‘One gun .on,.the, forecastle},amidships. ;' thw oll 

One gun on starboard side of the Midship’ Deck: Seane: 
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One gun on port side of the Midship Deck House. 
One gun on top of after deck house. 


In many destroyers this last gun was on the main deck abaft 
the deck house, but this location was too low and too wet for 
effective use of the gun, and all the destroyers having it so 
placed are being altered so as to have the after gun on top of 
the deck house. ‘The anti-aircraft gun is so located as to allow 
it to cover the maximum area of sky ; its location is not uniform 
on the vessels; and while it is usually on the forecastle abaft 
the four-inch gun, some vessels have it fitted on the top of 
the after deck house and other vessels have it located on the 
after part of the main deck. As previously stated, the later 
boats are provided with gun foundations for five-inch guns, 
though four-inch guns are actually installed on all vessels 
except Nos. 231 to 235, inclusive, on which vessels the five-inch 
guns were fitted. 


| TORPEDOES. 


There are four triple twenty-one-inch tubes placed two on 
either side, and a Bliss Levitt torpedo is provided for each 
tube, each destroyer thus carrying twelve torpedoes. 


SMALL, BOATS CARRIED, 


The following small boats are allowed to each vessel: 


One 21-foot motor dory. 

One 24-foot motor sailing launch. 
One 24-foot whale boat. 

One 14-foot wherry. 

One 10-foot punt.. 


THe motor dory and motor ‘sailer are stowed ‘in ‘cradles 
placed on skid beams about ‘seven ‘feet above the main deck. 
The whale boat is hung’ at its davits’and the punt and wherry 
are stowed on the ‘main deck.’ : 
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ANCHOR 'GEAR. 


Each’ vessel carries two navy type anchors weighing 1800 
pounds each} arid 105 fathoms of chain is provided for each 
anchor.) A ‘trial installation of hawse ‘pipes in connection 
with a flush type‘ of’ stockless anchor has’ recently ‘been 'com- 
pleted on the Truxton (D. D. 229). The anchor windlass 
is a two-cylinder 5X5 vertical double-acting steam engine. 


STEERING GEAR. 


The steering engine is located aft on the first platform deck, 
in compartment D-208. There are two steering stations with 
connections to the steering engine for steam steering, one on 
the bridge and the other on the deck house, aft. A wheel is 
located at the steering engine for steering, and hand steering 
wheels are provided in the steering’ engine-room. 

DRAINAGE SYSTEM. 


“A 


The fire and engine rooms are drained by a main’drain 
which extends from the after end of the engine-room to the 
forward end of the forward fire-room. ‘There is a suction to 
the main drain at the forward and.after end) of -each’ fire 
and engine room. There is a manifold. for. pumping the ‘for- 
ward compartments.in. the, forward fire-room, <and..one’ for 
pumping the after compartments in the after engine-room. 


FIRE MAIN. 


The fire main is supplied by four fire and bilge. pumps,.one 
located in each engine-room and one in.each boiler-room:: It 
is a three-inch lead-lined steel tubing and extends continuously 
through the: entire length~of the machinery spaces: directly 
under the main deck.beams;, and then. continues fopmard, and 
aft when it leaves the machinery spaces. 
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FLUSHING SYSTEM. 


Branches with reducing, valves are taken. from the. fire main 
for, supplying water. to: the officers’ .water-closet, crew’s, water- 
closets.and urinals, refrigerating, machine for cooling purposes, 
and tothe faucets. in.the crew's. washroom aft, 


VEN TILATING SYSTEM, 


The living quarters, steering engine room and veilleniben 
are provided with forced ventilation. ‘On the vessels now being 
completed, a ventilation blower is fitted in a ventilator. dis- 
charging into. engine-room. This is also, being fitted on some 
of the vessels already completed. 


DESCRIPTION oF MACHINERY. | 


» 


‘MAIN. ENGINE. 


The vessels are all twin screw and all turbine driven, with 
five different types of main pepnere units ‘installed as 
follows : 

Parsons geared turbine. 

Fore River Curtis geared turbine. 

General Electric’ Curtis geared turbine. 

Westinghouse geared turbine. aie 

Newport News Curtis turbine Cites drive, with one geared 
cruising turbine. 


The bets main units, with their independent condensing 
plants, etc., are installed in separate engine rooms; the port 
unit: being ‘the forward one. 

Parsons’ Geared Turbines Parsons geared turbines ate in- 
stalled in’ 85° of the vessels, as follows: 75, %8) 98 and 94, 
118,°118;°125, 160, 206-230 ‘and 336-847." ‘The’ original ‘de- 
sign) as’ fitted in 'the eaflier OF these’ groups, was for 12,100 
S.H.P. per unit or 24200 S:H.P? "per Vessél; With steam at 
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240: pounds’ gauge at: the) HP. i turbine iandthe propellers 
making 448 RiP.M.\iI[n the later! vessels having: greater oil 
carrying capacity and the consequent increase in displacement, 
this power: was increased) to around. 27;000 S.H.P!, per vessel ; 
the igreater | power ‘being: obtainéd ‘by slightly lengthening: the 
blades of the first three full power stages:and) increasing “the 
steam pressure to 250.pounds at,the. H:P. turbine)\ 

Each propeller shaft,:is: driveni: through ; single;reduction, 
double: helical gearing, by one: single-flow high: pressure, tur- 
bine and ‘one double-flow low: pressure turbine, each | turbine 
driving through: its: individual pinion; the two pinions .connect 
with the single: gear on the same. horizontal plane; being legates 
~ diametrically opposite each other. 

A single, flow astern’ turbinel:is fitted in: the forward ‘end 
of the low préssure:ahead turbine casing ; the:two astern’ tut- 
bines: being capable of driving the wessel astern at 20 knots, 

For) full-speed; steam) is admitted into the main:ibelt (th 
stage) of the, H.P,'\turbine; expands through ithe remaining 
stages of this, turbine, ‘then through the: P»:turbine:and:to 
the condenser. For cruising spéeds,' the :steam:is admitted:into 
the low cruising belt,.(1st:\stage) or into the higher cruising 










Pema 


3 














90 Bhs Bf 





Fic. 1 Passons, Geanen, i mae. 3 pasa (ON, Seales Nos. v5) TO, , 
93 AND 94, 113- 118, 125- -160, 206-230, 336- 347. “a 
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belt (3rd stage) of the H.P. turbine and carried through the 
H.P, turbine, then through: the L.P. ‘turbine and into the con- 
denser. 

The blading is of the reaction type throughout, and the de- 
signed speeds are 2988 R:P.M: for the H.P.; and 1775 R.P.M. 
for the L,.P. turbine. 

Fore River Curtis Geared Turbine—Fore River Curtis 
turbines’ with Falk reduction gearing, are installed in 91 of 
the vessels, as follows: - Nos. 79+86, 95-112, 161-180 and 251- 
295;' These turbines are designed for 13,500 $.H.P. per unit, 
making 27,000 S.H:P. per vessel, with steam at 250 pounds 
gauge at the H.P. turbine and the’ propellers Te 452 
R.P.M. 

Each’/propeller shaft is driven. through single iknie, 
double helical gearing, by one high pressure’ turbine, one inter- 
mediate pressure turbine:and one double-flow low pressure tur- 
bine. |The intermediate and low pressure turbines each con- 
nect ‘to»a pinion shaft through a flexible coupling, the high 
pressure turbine being forward of and connected with the in- 
termediate pressure turbine by means’ of a similar flexible 
coupling. The two pinions, as in the Parsons installations, are 
in the same horizontal plane and connect with the single gear 
‘at diametrically opposite points. 

A, singlé flow astern turbine is fitted in the forward doa of 
the low pressure-ahead turbine casing; the two astern turbines 
being capable of driving the vessel astern at 20 knots. 

_ For full speed, steam is admitted into the steam chest of the 

H.P. turbine and after expanding in the Ist stage, one-sixth 

of the flow passes through the H.P. turbine and the remain- 

ing five-sixths is led into the steam»chest of the I.P. turbine. | 
The steam from the H.P. andthe I.P. turbines then passes 
through the L.P. turbine and to the condenser. For cruising 
speeds,,steam enters the H.P. turbine steam chest and passes 
through all three turbines to the condenser. 
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The designed speeds are 3230 R.P.M. for the H.P. and the 
I.P. turbines, and 3000. R.P.M. for the LP. turbine. Par- 
ticulars of the gears will: be considered in. a later paragraph. 
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Fic, 2.—Fore River Curtis GEARED TURBINE, FITTED ON DésTROYERS Nos. 
79-86, 95-112, 161-180 AND. 251-295. 


General Electric Curtis Geared Turbine—This make of 
propelling unit was installed in 46 of the vessels, viz., Nos. 
87 to 92 and 296 to 335, built at the San Francisco plant of 
the Bethlehem Shipbuilding Corporation. ‘These units are de- 
signed’for the same power and propeller shaft revolutions as 
are the Fore River Curtis installations described above, each 
shaft being driven through single reduction gearing by’ one 
cruising and one main turbine. The cruising unit is imme- 
diately’ forward of and directly connected to the main’ unit. 
Astern turbines are fitted in the after end of the main turbine 
casings, the two astern units being capable of driving the ves- 
sel astern at 20 knots. 

For full speed, steam is admitted directly to the steam chest 
of the main turbine, with all nozzles open; the rSwiaee | turbine 
running ina vacuum. 

For the higher cruising’ siete the same condition prevails 
except only a limited number of steam nozzles are open. 








2356 WAR-TIME DESTROYER PROGRAM. 


‘For cruising speeds 'up to 20 knots, steam is admitted to the 
cruising ‘turbine, passes through! that’ turbine, then through 
the main turbine:and to the condenser. 

The designed turbine speeds are 1856 R.P.M. for cruising 
unit operation; and 3500 R.P.M. for full speed. 
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Fic. 3.—GENERAL Exvecrric Curtis GEARED TURBINE, Fitrep on DestRoYERS 
Nos. 87-92 AND 296-335. 


Westinghouse Geared. Turbines.—Westinghouse Turbines 
and Reduction Gears were. installed in 34 of the vessels, viz., 
Nos. 186-199 and 231 to 250, These units are designed for 
13,500 S.H.P. each; asin. the latest, Parson’s. geared installa- 
tions, and the arrangement of the unit.is also.the same. The 
first stage blading of the H.P.- turbine, however, is. of the 
impulse type.as is also, the case with the astern turbine blading. 

For, full speed, steam is, admitted to. the 1st stage (impulse 
blading) of .the. H.P.. turbine, by,:passes the cruising stages 
(the first 3 stages of reaction blading), expands through the 
' remaining stages of, this turbine, Hehiiaetict the; L.P. tur- 
bine and to. the condenser. 

For the higher cruising speeds, the steam follows: the same 


course, excepting that.a fewer number of.nozzles.jon, ithe H:P. 
steam chest are opened, .. 
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For'‘the ‘lower ‘cruising ‘speeds; steam is-admitted’ into. the 
first or impulse stagé’ bladingof.thé H.-P. turbine through 
a still fewer number of n6zzles, expands through all stages of 
this turbine, then through’ the'L,P. turbine to | the condenser. 

The designed turbine speed is'}3050 R.P.M.> for both the 
H.-P. and’L/P.' units, with 452°RyP.M, of the propellers, 
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Fic. 4-—WEsTINGHOUSE. GEARED TuRBINES, Firtep on Destroyers Nos, 
_ 186-199 AND 231-250. 


Newport News Curtis, Turbine.—This type of turbine was 
installed on 11 vessels, viz., Nos. 119-124 and 181 to 185. 
The main turbines are direct connected to the propeller shaft- 
ing, and one geared cruising turbine is installed ‘and connected 
by means of a jaw clutch to the forward end of the starboard 
main turbine. This cruising unit is disconnected at speeds 
over 20 knots; when in service, the cruising unit exhausts into 
the port main turbine. 

These installations are designed for a total of 25,000 S.H.P. 
per vessel, with steam at 250 pounds gauge at the main throt- 
tles and the propellers making 625 R.P.M. 

An astern turbine is fitted in the after end of each main 
turbine, the two astern units being capable of driving’ the ves-° 
sel astern at a speed of 20 knots. 
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For full speed, steam is admitted into the steam chests of 
the main turbiries and all nozzles opened. 

For cruising speeds over about 20 knots, steam is still ad- 
mitted to the H.P. turbine steam chest, but with the number 
of open nozzles reduced to suit. 

For the lower cruising speéds, steam is admitted. to the 
geared cruising turbine connected to the starboard main unit; 
as noted above, the exhaust passes — the port main tur- 
bine, thento the condenser. 


Fic. 5.—Newrort News Curtis Tursines, Firtép on Destroyers Nos. 
119-124 AND 181-185. 


REDUCTION GEARS. 


All of the gears, are of the single reduction, double helical 
type and, except in the case of the General Electric Company’s 
gears, the pinions mesh directly with the gear wheel. In the 
General Electric Company’s type, the ratio of pinion and gear 
is higher than on the other installations and the pinion meshes 
with two idlers, both of which are in contact with the gear; 
the arrangement being as shown in the tabulated data below. 

The gears and pinions are all fully enclosed in a single , 
casing and aside from the Westinghouse units, they are mount- 
ed on a common frame, with the bearings rigidly fixed. The 
pinions of the Westinghouse gear, installations are mounted on 
the flexible or “ floating pinion frame” peculiar to that make 
of gears. 
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The pinion shafts connect with the turbine shafts by means 
of flexible couplings while the gear shaft is provided with a 
flanged coupling, on its after end to match the line shaft to 
which it is securely bolted. 

All gears and bearings are plentifully supplied with oil from 
the forced lubricating system, the gear teeth being lubricated 
by a series of spray nozzles delivering oil to the point where 
the driving teeth enter in engagement when the gear is run- 
ning ahead ; some installations also have sprayers for use when 
running astern. 


2.B.D. REDUCTION GRARS 
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SHAFTING! AND PROPELLERS.| 


The shafting on all of the vessels is of nickel’ steel, finished 
all over and with axial holes bored from end°to end ‘of each 
length of shaft, Each line of shafting consists of a propeller 
shaft, a stern tube shaft and one length of line shafting, with 
an additional length of line shafting for the ft ong side extend- 
ing to the forward engine room. 

The propeller and stern, tube shafts are connected by an 
outboard coupling, consisting of a sleeve fitted to the tapered 
ends of the shafts and secured by cross keys and feathers. 

The stern tube shaft is arranged for withdrawal outwards 
through’ the stern tube and is connected with the flanged 
coupling of the adjacent-line shaft by a-coupling consisting-of 
a_sleeve and a thrust collar in halves, to prevent the shaft 
from pulling out when backing. 

The body of each propeller shaft and each stern tube shaft 
is covered by sleeves at the bearings, the sleeves being shrunk 
on the shaft and pinned thereto, The stern tube shafts are also 
covered with a light water-tight casing between the stern: tube 
bearings. 

The stern tube and strut bearings consist of strips of lignum- 
vitae, well fitted into composition bearing bushings. 

The propellers are all-true screw, three bladed, and of man- 
ganese bronze, with the blades ‘cast solid with'the hub; the hub 
is..accurately fitted to the taper end. of the propeller. shaft, 
keyed and-held in place by a locked nut. The starboard: pro- 
peller-is right hand-and. the port propeller left hand, 

‘The hitbs arid caps aré finished all ‘over; machined where 
possible and polished: The driving face of each blade is ma- _ 
chined_to-a true. surface and polished, the backs of the blades 
being-also’ polished: 

The matter of interchangeability of:the propellers.and pro- 
péller shafts. for these..vessels was carefully considered, with 
the result that but three types of propeller shaft and of pro- 
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peller hub have’been fitted; 105 of the vessels.are provided, with 
propeller. shafts and propellers of ‘the so-called Bath-.type, and 
151 with the Fore River:type: Thei1:Newport News direct 
drive installations comprise the third-interchangeable group. 
The general:.propeller data is given: in-the following: list : 
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The main thrust»bearings are’ of the pivoted, segmental 
type“for-all-of the vessels. For the geared turbine ingtalla- 
tions the*thrusts are either 21-inch or 23-inch Kingsbury bear- 
ings, and’are*focated on the forward end of the reduction gear 
slow speed shaft,- being carried in a casing forming an ex- 
tension of the gear case: 
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For the direct drive installations, the main thrust bearing 
is combined with the turbine thrust bearing, and is located at 
the forward end of the main turbine. These thrusts are 
16-inch Kingsbury -type: 

‘In:this:connection it should be stated that with the exception 
ofthe General Electric: Company installations, all of the turbine 
thrust bearings on these vessels are of the Kingsbury type, 
the, diameter of collar varying from 7 inches to 9 inches. 

Fig. 6 is a sectional view of a 23-inch Kingsbury ‘thrust 
bearing as installed on a number of the vessels. 

The lists below show the:diameter of the.thrust.collars and 
the corresponding numberof shoes with their surface, both 
for'the main-and the turbine thrust bearings for the various 
groups of vessels: 


MAIN CONDENSING APPARATUS, 


An independent condensing outfit is’ installed for eachof 
. the two main propelling units, on all of these Destroyers... 

A’ surface condenser, with a cooling surface ranging: from 
7000 square feet’'to'7600 Square ‘feet; and arranged for’ scoop 
circulating water supply, is provided in each engine room. 
The condenser shells are of steel plate, the tube sheets of rolled 
naval brass and the circulating water ends;with few excep- 
tions; are’of copper as are:the main injection and overboard 
delivery pipes.. The tubes are expanded into the tube sheets 
at both ends,-and are bent to a large radius to permit proper 
expansion, 

An air-pump, -and~-also-a-cireulating- pump -for-tuse-when 
getting under way, are provided for each condenser. The air 
pump is arranged for both wet and dry suction on a number 
of the installations, all other vessels being provided with aug- 
menters and augmenter condensers. : 
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2-BeD, CONDENSING PLANTS 
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Auxiliary Condenser.—Qne auxiliary condenser of approxi- 
mately 300 square feet cooling surface, is installed for use 
when in port or at anchor. A combined air and circulating 
pump is provided for use with this condenser on all except 
the Fore River and Union Iron Works built destroyers; those 
vessels were fitted: with a.vertical. reciprocating air pump and 
an independent engine. driven circulating pump. 


FORCED LUBRICATION SYSTEM. 


Each main propelling unit is provided with its complete lu-- 
bricating oil system, the two systems. being cross. connected. 
Normal Operation is-for-independent running of each system 
and reserve pumps have been provided with that end in view; 
where only one reserve pump has been installed, its connections 
aré’such as to permit Of its use on either the forward or the aft 
system, : 

The lubricating oil pumps take suction from the oil drain 
tank to which all turbine and reduction gear bearings are led, 
and discharge: through strainers and. oil coolers :to the:main 
supply line, which feeds all bearings. A 500-gallon oil storage 
(reserve) tank is provided, as well-as oil settling tanks and a 
motor-driven centrifugal oil purifier ; all having mianaie't con- 
néctioris to each system. 

Thermometers are fitted. at each oil-cooler inlet and outlet: as 
well as at the outlets from turbine and réduction gear bearings. 

The oil coolers are of various makes, all being of ample 
capacity, with cooling water furnished by their own ‘pumps 
and with an emergency connection to the fire’ main. 


BOILERS. 


There are four water-tube boilers of the small tube type 
installed in each vessel ; they are located in two fire rooms (two 
boilers in each fire room) immediately forward of the engine 
rooms. Each boiler has its independent uptake and smoke 
pipe. 
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T.B.D. LOB. OLL TANKS, PUMPS, ETC. 
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The boilers are all arranged for the burning of oil fuel ex- 
clusively, with the fire rooms under an air pressure correspond- 
ing to 6 inches or 7 inches of water. 

The types of boilers installed on the various groups of ve$- 


sels, with. the- corresponding heating: surface; ‘Size of 4 poe ete., 
are as Bivia int cathe folleeifing list: — 


2.B.D. BOILERS..(4 per vessel). 


Pur. | Por, 
Vol. Thick. | Thick. 
Steen 
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FUEL OIL SYSTEM. 


The system as installed on all of the vessels provides for 
the mechanical pressure atomization of the oil; there being 
either 12 or 14 atomizers.and. air.registers fitted to each boiler. 

In each firé room! there is installed ‘a booster pump, with 
connections for the transfer of oil from:tank to tank and for ' 
the delivery, of oil from any. of the.tanks to the service pump 
suction. These pumps also have connection tothe deck-filling 
fitting and are arranged for pumping oil overboard, this con- 
nection being by means of a portable flanged pipe. On the 
Fore River and Union Iron Works built vessels, drainagé Suc- 
tion pipes are led from the bottom of all oil tanks to a booster 
pump suction to permit pumping settled water from tanks and 
discharging it overboard. 

There are two service pumps in each fire room, each pump 
being of sufficient: capacity ‘to furnish: oil»for-both: boilers: in 
the compartment, when operating at»full power. ‘These pumps 
take suction through a strainer, either from the booster ptimp 
discharge or direct from the tank manifolds. They discharge 
through a-finer-mesh strainer, then through a-fuel: oil heater 
to the supply pipe on each boiler front. Independent .connec- 
tions, by means of flexible pipe, are taken from,this supply ‘line 
for each atomizer; there being a cutout valve in each ‘connec- 
tion, in addition to the operating valve at the atomizer’ on*all 
except the Bath installations. 

A hand pressure pump is provided for AES oil to the 
atomizers, for raising steam with no air pressure available. 

The size and make of fuel oil heaters and pumps as in- 
stalled on the various groups of vessels, is in accordance with 
the following list :-- 
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The atomizers and air registers as installed on the various 
vessels all operate on the same principle and aside from Schutte 
and Koerting type of-installations, the. Bureau_of Engineering 
standard atomizer tip and plug are in use: 

All atomizers aré so fitted aS to be readily removed from 
the registers, overhauled or cleaned independently of each 
other. The following list gives the various types and number 
installed on the different groups of vessels :-— 


FORCED DRAFT BLOWERS. 


Each vessel is provided with six high speed, turbine. driven 
blowers, three in each fire room. They are all of the vertical, 
single inlet, semi-encased type, located close under the main 
deck and supported from foundations suspended from the deck 
beams and longitudinal girders. Short intake pipes connect 
the blowers with the individual-trunks on the main deck; the 
discharge is directly into the fire room. ‘ 

The blowers and turbines are self contained units of two 
different types, viz., the Sturtevant 42-inch Turbo vane, direct 
connected to a Sturtevant single stage, impulse turbine, and 
the Green Fuel Economizer. 34-inch semi-silent fan, direct con- 
nected to a Terry single stage, impulse turbine. _ 

Of the 90 vessels having Terry turbine “installations, ‘36 
have compounded units, there being one high pressure and two 
low pressure turbines in each fireroom. The steam connec-. 
tions are’so arranged that any two units can be in operation 
with the third unit cut out, or either of the low pressure. units 
can operate alone. The remaining Terry and all of the:Sturte- 
vant-installations—are-high--pressure—units—operating—at—250 
pounds steam and exhausting into the auxiliary exhaust line 
at about 10 pounds back pressure. Each turbine develops about 
60 H.P. when operating under full power conditions, 
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T-BeDy FOROED DRAFT BLOWERS. 
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FEED SYSTEM. 


Both main air pumps, as well as the auxiliary condenser air 
pump, discharge into the filter compartment of the combined 
feed_and_ filter tank, which is located in the forward engine 
room. This feed tank~has*a capacity of approximately 1100 
gallons.’ “A feed suction main is led from this tank, to, the 
suction of ‘each of the feed pumps. 

There are four feed pumps installed on each. vessel ; two 
main feed pumps in the forward engine room and an auxiliary 
feed: pump in each fire room..’They are all of the vertical, 
single. cylinder, double_ acting, reciprocating type and. each 
pump has a suction connection to the above mentioned suction 
main, as well as from the reserve feed tank. 

‘The reservefeed tank has a capacity of from 24 to 25 tons 
and is located in the forward end of the forward engine room, 
being built into the hyll of the vessel. 

The main feed pumps discharge into-a common line which 
extends forward into both fire rooms and makes_connection 
with all boilers.through feed stop and check valves. This 
discharge line makes connection to the feed water heaters on 
its way. to. the boilers, bypasses being provided, however, 
around each heater. 

Each auxiliary feed pump discharges to both of the boilers 
in its compartment, through connections on the boilers’ which 
are entirely independent of the main feed connections. ~The 
auxiliary feed pumps also haye.:contiections to the inlet sides 
of the feed water heaters ; when operating the auxiliary pumps 
on the heaters, however, the discharge to boilers is through the 
main. feed connection. 

There are two feed water heaters on each vessel; they are 
located in most cases one in each fire room; on the Bath, New 
York Ship and Mare Island installations, however, they are 
located in the forward engine room, The heaters are of 
various types; the requirement calling for their ability to 
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heat all feed water required at full power from 90 degrees F. 
to 225 degrees F. with 240 degrees F. temperature of the 
heating steam. ‘This latter temperature corresponds to about 
10 pounds steam as furnished by the auxiliary exhaust line, 
on which the feed water heaters operate. 


AIR COMPRESSOR PLANT. 


One 11-inch & 11-inch..Xx.-12-inch Westinghouse, vertical, 
steam driven, double acting: air compressor, is installed in the 
after fire room, to supply air for the charging of air cham- 
bers, for the cleaning of boilers, generators, fuel oil atomizers, 
etc., and also for various purposes when steam is not available. 

The compressor is a single stage unit, usually operated on 
these vessels at a pressure of about’ 100 pounds, and is _¢on- 
nected with an air reservoir of about 20 cubic feet capacity, 
which is installed close by. Each compressor is fitted with 
a- governor which automatically maintains an’ air pressure’ in 
this storage tank, at the point for Which it is set. The gov- 
ernor is entirely automatic after being adjusted for the pressure 
desired. 

While some of the compressor air cylinders are provided 
with water cooling jackets, many aré simply air. cooled and 
operate satisfactorily in service. 

A. second compressor.of the same.type and size-as the.origi- 
nal has been installed on véssels fitted with 5-inch ‘guns, for 
gas ejecting purposes. 


EVAPORATING AND DISTILLING PLANT. 


The requirement for the earlier vessels of this program was 
for an evaporating plant of 7500 gallons capacity per 24 
hours; but this was subsequently increased, and beginning 
with the 161-170 group of vessels, 10,000 gallon capacity 
plants have been installed. These ratings are for two evapora- 
tors operating in double effect, with'the usual Navy test re- 
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quirement for an overload capacity, when tubes or coils are 
clean, of at least 40 per cent in excess of these nominal ca- 
pacities; the distilled water to contain not more than 2 grains 
of chlorine per gallon. 

The evaporating plant complete is located in the after engine 
room on all these destroyers:except those built at the Navy 
Yards, Mare Island and Charleston, in which vessels a third 
evaporator ‘with its distiller’and pumps,’ was installed in n the 
after. fire room. 

The plants all consist of two, or of three in some of the 
later_groups, vertical distillers having the full capacity of.their 
respective evaporators, a 4%4-inch  6-inch X< 6-inch ver- 
tical simplex evaporator.feed pump, a. feed, water heater, a 
34-inch X 4-inch x 4-inch V-S. distiller fresh water.pump, 
and two 50 gallon distiller test tanks. Circulating water for 
the distillers is furnished by the 7-inch x 7-inch & 12-inch 
V.S. fire and bilge pump located in the after engine roons.’ 

The’plants are all piped up for operation in either single or 
double effect, steam being furnished at 70 pounds gauge. - The 
distilled water is discharged by the fresh water pump to a line 
connecting with the main feed tank, reserve feed tank, ships 
fresh water tanks, gravity tank and to the cofferdam. 

The evaporators are mostly of the Reilly submerged ‘coil 
type, with heating surface ma other particulars as given in. the 
following list. 

Continuous efforts are being made to obtain, the -highest 
possible efficiency of the evaporating plant on .these..vessels, 
due_regard being given to the necessarily light and compact 
character of ‘the ‘plant on ‘vessels of this type.: Reports indi- 
cate a growing tendency to connect up the evaporators with 
the auxiliary exhaust line, and operate as much as possible on 
exhaust steam; this condition is particularly advantageous 
when operating in port. The carrying out of the next step 
toward greater economy has been effected on a number of the 
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vessels by connecting up certain pumps in the after engine 
room, one for use as a distiller air pump and another as a 
brine pump. These developments may result in providing 
proper equipment and connections for normally operating — 
these plants as low pressure systems, particularly as consider- 
able exhaust siram i 1s. avaliable: even ‘under ordittary, cruising 
speeds. 


FIRE ‘AND. PLLISE PUM PS... 


“Tie is a 7-inch X 7 inch X 12- inch ‘vertical simplex, 
double acting fire and bilge pump located in each engife foom 
and in each fire room, each pump having.,suction ftofi* the 
drainage system and from the sea and discharge connections 
to the fire main and overboard. The pumps in. the engine 
rooms are connected to the flushing system through ‘the fire- 
main and the pump in the after engine room also suppliés cir- 


- culating water to the distillers. 


REFRIGERATING PLANT. 


Each vessel is equipped with a large refrigerator. box 
equipped with cooling coils; it is located on and firmly: secured 
to the main deck, in the vicinity of the galley. 

The refrigerating machine is itistalled in ‘combination ‘with 
the box and except in some of the earlier vessels, is located 
directly on the box. The various types of machines’ are as 
given in the following list :— 


MACHINE SHOP. 


The»machine shop, which is located in the forward fire 


‘ room, has the following tools :— 


1 motor driven screw-cutting back-geared engine lathe with 
a 12-inch swing and a 6-foot bed. . 

1 motor driven double emory grinder. 

1 motor driven 24-inch two-speed Universal bench drill. 
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In addition to the above, there are provided the usual hand 
tools and one blacksmith’s forge. 


ELECTRIC PLANT. 


This plant consists of two. 25.K.W. turbine driven generating 
sets with their switcli board, etc., located on a platform in the 
after engine room. These units are of either the General 
Electric Company or Westinghouse make and operate on 125 
volts, D. C. 


TRIALS. 


At least one vessel of each group had. a complete set of 
standardization trials, as well as four hour runs at ‘various 
speeds, including one at full power. 

Tabulated below are the data obtained from the trials of 
all vessels having the full set of trials; included therein, it will 
be noted, are the capacities of fuel oil and reserve feed tanks, 
machinery weights for the various types of installations as 


well as'shaft horsepower and fuel consumptioti at the’several _ 
speeds. 














T.B-D.°s PRELIMINARY TRIAL DATA. 






















































































Name of Ship| Manley| Conner] Wickes| Bell | Palmer|Rotinson|Champin| Burne Dent] Tarbel; 
(74) (72) (75) (95) (161)} (88) | (104) | (272) (179)| (223) (136) ]) (142) 
Av.Speed K. | 52.23 | 30.126] 36.346 | 34.75 | 35.60 | 36.86 | 38.54 | 83.62 | 34.75 | 85.01] | 36.11] 35.12 
AV. S-HeP. | 19715 | 20060 | 24610 | 27240 | 29165 | 28625 | 28294 | 28900 | 29676 a 26025 | 24675 
Total oil yr] 19175 | 20755 | 22482 | 26554 | soe62 | 29064 | Selo | 20R3% | Sa522 | 2797s] | aaeag | asees 
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SEAGOING TUGS, NOS. 21 TO 39. 


SEAGOING TUGS, NOS. 21 TO 39, INCLUSIVE. 
DESCRIPTION AND TRIAL, DATA. 


By Lizut. Compr. H. G. Donatp, U.S. Navy, MEMBER. 


_—_——_ 


GENERAL, DESCRIPTION. 


As a part of the War building program there were added to 
the Navy. nineteen exceptionally powerful Seagoing Tugs. 
A description of these vessels should prove of interest to: the 
service at large, not only because of their recent construction, 
but also because of their assignment to: the Fleet as tenders and 
to the»Navy Yards for heavy duty work: In size and power 
they rate as high as any Seagoing Tugs in the United States 
and in general equipment are superior to any in commercial 
service, ‘ 

A list of the vessels follows, giving Navy Classification. Num- 
ber,Name, Builder, Date of Laying Keel, Date of ‘Launch- 
ing and Date of Acceptance. ; 
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All of these vessels were constructed under authority ‘of the 
Act of Congress, dated March 4, 1917; which act made appro- 
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priation for the Naval service for the fiscal year ending June 
30, 1918, the appropriation for these tugs being provided by the 
subhead “Naval Emergency Fund.” Tugs No. 21 to No. 26, 
inclusive, were contracted for at a fixed price of $550,000 per 
vessel. Tugs No. 27 to No. 38, inclusive, were built by the 
Government at a cost of $474,370 per vessel. Tugs No. 34 
to No. 39; inclusive, were built’ under contract’ providing for 
fixed profit of $37,500 per vessel providing the actual cost 
exceeded $500,000, or $37,500 plus one-third of the saving in 
cost below $500,000. The cost of each vessel of this group 
was $554,948. ‘The original contract for this last group called 
for tugs No, 34 to No. 45, inclusive, but in December, 1918, 
the’ construction of tugs No. 40:to No. 45, inclusive, was can- 
celled. 

The:trials provided for by the contract were as follows: 

(a) Three: runs ‘at full: speed over a measured mile course. 

(b) ‘Six-hour: full speed trial, on which it was expected to 
attain 13 knots speed-and a fuel consumption not in excess of 
200 pounds of fuel oil per knot run. 

(c) Turning and backing trials. 

The first vessel completed in each group was required to have 
all of.the above trials. The remaining vessels were ‘subject 
only to such trials as were considered necessary by: the: trial 
board to demonstrate that the vessel in question was capable _ 
of fulfilling the same tests and oes as the first vessel 
of the group. 

In the No. 21 to No. 26 group, the Bagaduce (21) was 
designated for full trials, although this vessel was the second 
one of the group to be completed. July 29, 1919, the Bagaduce 
was given a six-hour full power trial in Lake Erie by the Board 
of Inspection and Survey. On this trial, the expected speed of 
13 knots and horsepower of 1,800 were not attained but the 
vessel was conditionally accepted. On April 28, 1920, a second 
full power trial was held by the Board of Inspection and Sur- 
vey, but the speed and indicated. horsepower developed were 
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still ‘much below expected’ results, The: Board' reported that 
it believed this: failure to develop the expected speed was due 
to an error in the propeller. It was learned at;a later date that 
the propeller installed on this group of tugs was of such di- 
mensions that the rated horsepower could not be developed. 
The propellers are being replaced with others of-correct dimen- 
sions -as opportunity offers, and the Wandank-was given a 
standardization and full power trial on May. 26, 1921, with the 
new propeller. .Data taken on the trial appears under Table 
IV. The performance on this trial was little better than the 
second trial of the Bagaduce. \The failure to develop greater 
power is believed to be due to the generally poor character of 
workmanship in both machinery and hull. 

In the No. 27 to No. 33 group, the Tatnuck (27) was given 
a full set of trials under the supervision of a board appointed 
"by the Commandant of the Puget Sound Navy Yard... In addi- 
tion, a four-hour run was made.at 10 knots under natural draft. 
These trials. were held off Vashon Island on January 19, 20 and 
21, 1920. Data are given in Table IV. 
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In the No. 84 to No. 39 group, the Algorma (34) was given 
full power and backing trials by the Board. of Inspection. and 
Survey on April 20, 21 and 22,1920, in Long Island Sound. 
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The standardization trial was held: July 21, 1920, on the Prov- 
incetown, Mass.,; measured mile course.» Data obtained on 
these trials are given in Table IV. 
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DESCRIPTION OF HULL.’ 


These vessels are single-deck, single-screw, steam tugs, built 
of steel and intended for sea towing‘and mine sweeping, The 
general appearance is as shown on plate 1 and the photograph. 

The transverse system of framing is used, with a frame 
space of 22 inches. ~The stern is straight above the waterline 
and the forefoot is cut away as shown. ‘The stern is of the 
fantail type. Above the main deck there is a steel deckhouse, 
enclosing crew’s berthing accommodations, galley stotes, galley, 
officers’ and crew’s toilets, engine and boiler casings and’ offi- 
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cers’ méss;) On top ofthe deckhouse, inclosures of ‘steel and 
brass construction provide for chart house, officers’: staterooms 
and radio room. Below the main deck there:are steel plat- 
forms; one forward) and oneaft. 

There: are two steel pole masts, with crow’s nest fitted on 
the foremast. The main mast carries two booms for the han- 
dling of boats and weights over the stern, each boom being 
tested to a working load of 6,726 pounds. 

Fuel ‘oil is’ carried in athwartship compartments between 
frames 20 and 34 and extending from the keel to the main deck. 
The normal capacity is listed in Table II. Due to low free- 
board and lack of stability the fuel oil capacity of tugs No. 19 
to No. 39; inclusive, has been limited to 60,000 gallons, except 
in case of emergency requiring full tanks. 

Reserve feed water is carried ina double bottom under the 
boiler room. The capacity is as listed in ‘Table IT. 

. A bulwark, two feet high, measured above the moulded deck 
line, runs the entire length of the vessel, increasing to a height 
of three feet at the bow. In the bulwarks there are freeing 
ports having a total area of 5 per cent of the bulwark area. 

A bilge keel extends from frames 3. to 56 on either side of 
the vessel. 

Transverse watertight bulkheads aré located at’ frames 8, 
20, 33, 34, 48 and 73, extending from keel to main deck; and 
at frames 16 and 19 from keel to platform deck only. 

Provision is made for stowing the following boats on the 
after part of the superstructure deck: 


One 24-foot.motor sailing launch. 
One 24-foot whale boat. 
One 16-foot dinghy. 


The battery was to consist of two 3-inch 50-caliber anti- 
aircraft guns and one machine gun. The 3-inch guns have not 
been provided although the foundations are installed. In the 
magazine in the fore hold, there is stowage space for 600 rounds 
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of :3+inch ‘ammunition and 1;200 rounds; of :80-caliber ma- 
chine» gun. dmmunition “besides .a: considerable amount of sg 
and revolver: ammunition. 

Berthing and messing arrangements are provided for a‘com- 
plement of 5. officers, 2 chief aT officers\and 45 enlisted men 
of lower ratings. 


DECK MACHINERY. 


For handling the anchors and chains there is a steam wind- 
lass, Hyde type, engine (2).6 inches. 6 inches stroke, capa- 
ble.of hoisting, and lowering one bower anchor at the rate of 6 
fathoms per minute, 

A. steam steering engine, Lidgerwood type, engine (2) 5 
inches X 6 inches stroke, is located on the platform deck. aft. 
The. engine can put the rudder from hard-over to hard-over 
in 20 seconds with the vessel moving at, full speed ahead.. The 
engine may be controlled from either a steering wheel,in the 
chart house or an emergency steering atin Jocated.aft.on the 
superstructure deck. . 

A double drum, double gypsy, Lidgerwood, steam. winch, 
engine (2) 814 inches X 10 inches stroke, is installed on the 
superstructure deck abaft the mainmast for handling the two 
booms on this mast,.and also, the boats. The.winch is capable 
of. handling, 6,720 pounds at 120 feet per minute, 

A steam towing machine, built by the American Engineering 
Company, is located.on the main deck aft... It has a capacity 
for a 2-inch diameter steel wire hawser, 300 fathoms in length. 
The engine is two-cylinder simple, 16 inches X 16 inches stroke. 

The galley has one 3-foot section oil range, one steam- 
jacketed 20-gallon copper kettle, one coffee urn and one motor- 
driven food grinder. Ms , 

All ventilation of spaces below deck is natural, except .the 
crew’s quarters forward below the main deck which are arti- 
ficially ventilated by : a motor-driven fan of 1,000 cubic feet per 
minute capacity. 

Heating i is provided for the ivan quatiets oaks: 
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PIPING SYSTEMS.) 


The fire system consists of a six-inch main ufder’the main 
deck extending between frames 16 to 73, with risers’ “from the 
fire and bilge pumps, and branch connections to 2% ‘inches fire 
plugs, one forward, one aft, and one’ on each side ‘of the deck 
house amidships, and a 4 inch monitor nozzle on top of the 
pilot house. 

A salt-water sanitary system spa by the sanitary pump, 
provides water for water closets, ‘urinals, sink and faucets in 
crew’s wash room and galley. A by-pass 1 is on oreo from the 
fire main for emergency use. 

The fresh water system is supplied ‘from a‘ 300-gallon: grav- 
ity tank on top of the radio house;/with branch supply pipes 
to the galley, lavatory and shower.in officers’ toilet, lavatories 
in officers’ staterooms, lavatories-and shower in crew’s toilet 
and a faucet on deck for filling buckets, Water is pumped 
from the fresh water compartment forward to the gravity tank 
by a fresh water pump located in,the crew’s quarters forward. 

The drainage system consists of a drain line running from 
the forward peak tank to the after tank, with independent 
suctions for each watertight compartment, and with connec- 
tions to the steam fire and bilge pump in the engine room and 
to two 6-inch hand pumps, one forward and one aft. 


DESCRIPTION: OF. MACHINERY. 


General_—The machinery installation consists of one re- 
ciprocating engine of 1,800 indicated horsepower, two Scotch 
boilers burning fuel oil and the necessary auxiliaries. The 
equipment is modern in every respect and includes many points 
not found in commercial vessels of this class. The machinery 
arrangement plans and main engines are identical with, those 
of the 150-foot Seagoing Naval Tugs Allegheny and Saga- 
more, built by the American Shipbuilding Company in 1918. 
The United States Steamboat Inspection rules and Lloyd's 
requirements are followed as is customary with this type of 








392 SEAGOING TUGS, NOS. 21 TO 39. 


naval vessel. It is to be noted that materials do not in all 
cases meet the General Specifications for Machinery of the 
U. S. Navy. 

Main Engines.—There. is one. triple expansion, three-cyl- 
inder, inverted, direct acting engine, direct connected to a 
single right-handed screw propeller. 

The cylinder diameters for all vessels of the class are, H.P. 
21 inches, 1.P. 33.5 inches and L.P. 55.5 inches with 42-inch 
stroke, designed R.P.M. 100 and steam pressure 185 pounds 
gage. All three piston rods are 5.25 inches in diameter. The 
order of cylinders from forward to aft is H.P., LP. and L.P. 
The cylinder constants are as follows: 


H.P. Cylinder Tops. ............ 0867 
Bottom ........... .0344 
Meat 027 2203 03855 
DPS Cylinder Pope cis es ee. .0984 
Bottom .......5... 0911 
Meat’ 2000) SEN. .0923 
LP. ‘Cylinder Top. . isi {2212 6. 2565 
Bottom ..........: 2542 
Mean: S828 ES 2554 


The data on valves and valve settings are as shown in 
Table III: 

The valve gear is of the Stephenson type and is reversed 
by steam reversing gear fitted with differential motion. The 
cut-off is adjustable independently for each cylinder. 

Connecting rod between centers 7 feet — 16 inches. 

The ratio of the length of the connecting rod to the crank is 
4,285. : 

Control.—The engine is controlled by a hand-operated lever 
throttle valve of the rotating disc type. This throttle, as in- 
stalled, has worked with difficulty at times, the trouble evi- 
dently having been in giving the sides of the main and auxil- 
iary valves too small a clearance, causing binding when heated, 
especially when in full open position. 
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Shafting and Bearings:— 


Length Diameter 
Material. —S'‘ ft. and in. inches. 
Crank Shaft mild steel 17- 0 11% 
Crank Pin mild. steel 1-10 11% 
Thrust shaft mild steel «. 18- 5% 11% 
(Tugs 27-33, 18-6) 
Stern Tube and l mild “stéel 20- 4% 115% (sleeve 13%) 


Propeller Shaft { 
, All shafts are solid... 


The six crank shaft: bearings. are each 13 5/16 inches in 
length. 

The thrust is taken. bya Horseshoe type bearing having 7 
collars, each 234 inches: thick, spaced 6 inches. There are 6 
babbitted water-cooled: shoes, the total: effective thrust surface 
“being 840 square inches. °-The thrust shaft is supported by 
steady bearings 18 inches in‘length; on tugs No. 34 to No. 39, 
the length is 19 inches, The line shaft has one spring bearing 
18 inches long. The forward stern tube bearing is 197% inches 
long and the after bearing is 5234 inches long. 


Propeller —There is one right handed, built-up, propeller of 
the following dimensions:— 


Diameter, feet and inches...:.; Spies CU ls cc chs svc nee es 13- 0 
Pitch as set, feet and inghes;-02. +, 5 Lciawyclje cee deeeecceee 14— 9 
Pitch adjustable, feet and inchéS.,+0...... 404-26: eee e eee 13- 9 to 15-9 
Ratio of diameter to pitch..i.....44..... Se eee | vin eiinaiar bia 1.1346 
Projected area, square feet. 0 oi fends ee eee eects cence eee * 46.5 
Dise’ area; square feet [77S Fe CoS oF oa eee de iY e eee tes 132.7323 


Height of lower tip above keel, inches... (21-26) 2, (27-33) 354, (34-39) 11 
Immersion of upper tip, at load draft, 
MCE occas ca eee aR ae (21-26) 17, (27-33) 34, (34-39) 8 


The original propellers of tugs: No. 21 to No. 26, inclusive, 
were of incorrect dimensions and’ are now being replaced. The 
material of the hubs is cast iron: The blades as supplied to 
tugs No. 27 to No. 83, inclusive, were manganese bronze, “ 
those of the other tugs*were cast iron, 
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Main Condensing Plant.—The main condenser is rectangular 
and built into the engine framing. It is of the surface type; 2 
pass. with 1,221 straight tubes (except. on 21-26 number of 
tubes, is 1,227),:54 inches diameter, ferruled :and packed in 
the tube sheets at both ends. The:length between tube sheets 
is 15 feet 0 inches. The total cooling surface is 3,000 square 
feet. (except on) 21-26, cooling isurface is: 3,180). The con- 
denser is on the port. side of the main engine. 

A vacuum of 27 inches is maintained in the main condenser 
by, a Worthington, vertical, simple, twin beam! air pump,’ size 
14 inches steam X (2) 2344:inches air X15 inches stroke on 
tugs Nos; 27to 39, inclusive, anda’ (2) 12.inches X (2) 22 
inches. X 15, inches duplex» pump on tugs No. 21 to Noi 26, 
inclusive.', The air, pump: is located on the port ‘side: of: the 
engine room, forward, . 

The main circulating pump is a (2) 12 inches X'(2)-18 
inches 18 inches, vertical, duplex. pump. (except on 27-33, 
the pump is (1).12\inchés X, (2) 18 inches X (2) 18 inches. 
The suction may. be taken from the sea, the bilge or the deck 
and the discharge is to the condenser or overboard: This:pump 
is aft on the port. side of the engine room.. The above pump 
is N.Y.P.S. type on tugs No; 27 to No.:33, and Dean Broth- 
ers’ type on other, tugs. 

Auxiliary. Condensing Plant.—An auxiliary condenser of 
250 square feet cooling surface is provided for port service. 
The. condenser. has,.an, attached horizontal combined’ air: and 
circulating: pump, size! steam 5.4 inches’ X air 8 inches X: water 
8, inches, x ,stroke.7, inches (except on tugs 21-26, size is 51% 
inches. X. air;6 inches. X water 6 inches: < stroke 10.inches). 
All are of the; Worthington type. 

Feed System.—There are two feed pumps: for the two» boil- 
ers, One, main, feed, pump; 10,inches <7 inches 10 inches 
vertical, .simplex,|, Worthington : (except on tugs 21-26 it ‘is 
Dean) located inthe starboard | forward corner of ‘the engine 
room. and.one auxiliary 12 inches X-7 inches X 12 inches’ hori- 
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zontal duplex pump in the after part of the engine room on the , 
starboard side. 

The ‘feed tank is located’on the starboard side of the engine 
room at the forward end. A filter box is built into the upper 
part/of»the tank, ‘The capacity of the tank is about 400 gal- 
lons: 

A pressure, type closed feed heater is installed on the star- 
board side of the engine room near the feed tank; the type is 
as follows: 

Tugs Nos, 21 to 26—No. 7 Reilly multicoil Type D, capac- 
ity 25,500 pounds of water per hour. 

Tugs Nos. 27 to '383—Row and Davis, Horizontal, No. 22 
paracoil 38-inch water and 5-inch exhaust connections capable 
of heating 85,000 pounds of water per hour to 200 degrees F. 

Tugs Nos. 34 to 39—Row and Davis, vertical paracoil, size 
$O-1604. 

Both the main and auxiliary feed pumps discharge through 
the heater to the boilers. The main feed pump has suction 
connections from the reserve feed tank, the main feed tank and 
the: sea. The auxiliary pump has suctions from the same 
sources as the main pump and in addition has a suction from 
the boilers, the bilge and the ballast tanks. 

A %-inch line is provided for taking make-up feed by 
vacuum suction to the main condenser from the reserve feed 
tanks, 

Two 2-inch injectors are installed for feeding the boilers in 
port or in case of breakdown of both feed pumps at sea. 

Miscellaneous Pumps.—A pump is provided for furnishing 
cooling water to the main engine guides and bearings. and is 
located in the engine room on the port side forward. The'size | 
of the pump is listed in the pump table. ~ 

The pump for the sanitary system is located’ on’ the for- 
ward engine room bulkhead, on the port side:°'It has a suc- 
tion from the sea only and a discharge’to the sanitary system. 

A fire and bilge pump is located itt 'the engine room’ on’ the 
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port side on all except tugs: No. 21 to No. 26, wheresit is lo- 
cated in same position as'the next pump described.. This pump 
has a suction from sea and bilge manifolds and a discharge to 
the fire main and the sea. 

On tugs No. 27 to No. 33, inclusive, a general service pump 
is located in the extreme after! end of the engine room:on the 
starboard side, with a suction; from the sea and the bilge and 
a discharge to the fire main and overboard. 

On all except tugs No. 21 to No. 26 a small pump is located 
in the crew’s quarters forward for filling the gravity tank 
from the ship’s potable water tanks. 


The sizes of the above miscellaneous ‘pumps ‘ate as follows: 


Tugs.21to26 Tugs 27to33 . Tugs 34 to 39 
Engine Cooler Pump 


5. ae teeter armada p> Horizontal Dup. Horizontal Dup. Horizontal Dup. 
Set FA i ees. wee BYXK3BHYX5 =§=—5YXK4AYX5 ~=— BX BYXKS 
Sanitary Pump 
VDE s F5 eho ngitacs Horizontal Dup. Horizontal Dup. Horizontal.Dup. 
ESRI AP ae a to 5YX3K%X5 5Y4K4Y4X5 5YX3KAX5 
Fire and Bilge Pump ‘ 
Pye. wlig . ch 4 Horizontal Dup. Horizontal:Dup. Horizontal Dup. 
Er eae ee pe ae 7X12X12 14X10%X12 ©».127xK12 
General Service: Pump 
Type. .i.0) 6400. ‘Vv... None . Horizontal Dup. None 
SST I EES OB EDDRIDGAR: 5? Sock tas 
Fresh: Water (ford) Pump : giirt 
Type..ii...ae. seeess /None Horizontal Sim. Motor: Driven 
Noa pina veh ence 


pica eee 434XK4% X6 45 Recip. . 


The above pumps are Worthington on 27 to 39 and Dean 
Brothers on 21 to 26. 

Steam and Exhaust Piping.—AW steam ‘piping’ éxcept the 
main steam piping, is of copper. ‘The main steam piping ‘is 
seamless drawn steel. The exhaust pipes ‘are of galvanized 
iron. } 

Thé main steam line is 6 inches in diameter. The’ leads ‘di- 
rect from the two»boilers»join into a “Y” inthe are room and 
lead direct: to the engine: 
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The auxiliary steam takes off from ‘each starboard ‘and port 
boiler with a direct stop; size'3% inches, from which: each line 
leads’ directly aft along ‘the starboard ‘and ‘port sides of the 
engine room, with a 31-inch cross-connection just aft of the 
engine room forward bulkhead. Branches from these two 
lines: supply steam for the auxiliaries. 

The auxiliary exhaust runs along the port side of the fire 
room and engine room with a circuit around the after end of 
_the:engine room ‘leading. forward! to the auxiliary condenser 
and the feed heater, at the starboard forward corner of the 
engine room. This line is 5% inches in diameter: 

Boilers:—-There are two Scotch, single ended, oa-buaning 
boilers, one to starboard and one to port in the fire room, with 
the axis of shell fore and aft. The data for each boiler is as 
follows : 


Designed working pressure, pounds 


185 
Test pressure, pounds gage 277 
Draft Howden, closed ash pit 
Inside diameter, feet and inches 13- 3 
Length, feet and inches 11= 115/16 
Ordinary tubes No. 321, O. D. 21/2 inches 
Stay tubess.. 2... SSL it. pane No. 75, O. D, 21/2 inches 
Length of tubes, feet and inches 7-7 
Heating surface, square feet ; 2,485.8 
Furnaces Type, Morrison, No. 3, Diam: 40 inches 
Furnace volume, each furnace, cu. ft.. 108 
Steam stop valves, inches main 6, auxiliary, 3 1/2 
Safety valves, inches Duplex 3 1/2 


Tugs No. 21 to No. 26, No. 34 to No. 39 have retarders 
installed inall tubes which, although ‘promoting efficiency 
under forced draft, makes. it. impossible to operate under 
natural draft, without withdrawing the retarders. 

Forced Draft, Blower.—There is one forced draft blower 
located in. the forward part of: the engine room, supplying 
10,000 cubic feet of free air per minute, through | air 
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heater boxes installed. in the uptakes of each boiler, to 
the furnaces using the Howden closed ash pit system. 
2% inches air pressure is needed at the blower discharge when 
the main engines are operated at full power. The-blower fan 
is a 53%4-A, Niagara Conoidal, driven at 600°R:P.M. (rated 
speed) ‘by a 5-inch XX. 5-inch engine. This blower has been 
" generally ‘unsatisfactory, as‘it is of too small capacity and of 
rather poor design for continuous duty. Many breakdowns 
have occurred, due primarily to the blower being run much 
above ratedspeed, and to the design of valve gear: which causes 
frequent breakage of the valve stem. This blower has: been re- 
placed by a turbine-driven Terry blower. on the W andank and 
the Montcalm: 

Uptakes and Smoke Pipe —The wines foi each boiler 
unite in the fire room and discharge to one smoke pipe, which 
has an area of 23.76 square feet and a height above the center 
‘line of the low (center). furnace of 49 feet 334 inches.. 

Fuel-OilSystem.—There is one fuel oil burner for each 
furnace-or three burners per boiler. Tugs No. 21 to: No. 26, 
inclusive, and No. 34 to No.:39, inclusive, are equipped with 
the White. Fuel Oil System and tugs No. 27 to No. 38, inclu- 
sive, have the Coen System. Both systems use mechanical 
atomization and are supposed to operate at about 100 pounds, 
but 200 pounds pressure is actually used. 

Each tug has two fuel oil heaters, those on tugs ‘No, 21 to 
No. 26-and-No. 34 to No. 39, having No. 2. Reilly, 40-square 
. feet heating surface each, capacity 2,000 pounds oil per: hour, 
and those on tugs No. 27 to No. 33, having capacity to heat 
6 G.P.M. of.oil from 60 degrees-F. to 200 degrees F. 

Two*6-inch= X 4-inch X 6-inch horizontal duplex pumps 
supply oil direct from the tanks to the ‘burners. Suction and 
discharge duplex strainers are provided. 

Refrigerating Plant.—A_ combined refrigerator box and 
machine, of the type adopted for destroyers, is located on the 
superstructure deck. Data on these units is as per table V. 
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Distilling Plant.—The evaporator is operated on*live steam 
only. |\Vapor may be discharged: to the auxiliary exhaust 
line for make-up feed or to the distilling condenser for drink- 
ing and) washing purposes. ‘The distilling condenser has'a 
capacity only about one-third that: of the evaporator. ©The 
evaporator feed pump furnishes cooling water for the distil- 
ling condenser on tugs No. 21 to No. 26 and No. 34 to No. 39. 
On tugs No. 27 to No. 33 distilling condenser circulating water 
is furnished by either the engine bearing cooler pump or the 
sanitary pump. Data on the plant is as per table V. 

Compressed Air System.—Tugs. No. 21 to No. 26, inclusive, 
have one Westinghouse 11 inches X 11 inches X 12 inches 
air compressor with an air piping system to the fire rooms. 


DESCRIPTION OF ELECTRICAL PLANT. 


The generators and switchboard are located on a platform 
at the after end of the engine room on the starboard side. 
Two 10-K.W. D.C. turbo-generators are provided. They were 
manufactured by the Westinghouse Electric and Manufac- 
turing Company, the data being as follows: 


Generator connection to turbine 
R.P.M. 
Steam pressure 


Steam consumption, full load, 0 Ibs. gage back pressure... 72.5 Ibs./KW hr. 


The generator exhausts to the auxiliary exhaust line only. 

One switchboard is installed for the generator leads and 
one board for distribution to the various circuits. 

The two-wire system is followed in the wiring for both 
power and light. 

The motors installed are as follows: 


Crew’s ventilating 
Ice machine 
Fresh water pump (34 to 39 only) 


Meat grinder 
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Two low-power fixed 18-inch searchlights are’ installed: One 
12-inch portable low-power searchlight is also: provided. 

The radio, installation consists of one 2-K.W.- spark set and 
one Bureau Engineering No. 143 short-wave: receiver.: All 


vessels are-also being fitted: with vacuum ‘tube: detectors, type 
C.F; 122, 
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PROGRESS IN: PROPELLER DESIGN. 
By 'S. K. Stécum, Pu. D.,* Associate MEMBER. 


As the’ marine propeller came into existence only 75 years 
ago, and the aircraft propeller is scarcely 25 years old, it is 
to be expected that there should be numerous points in. pro- 
peller design which have not ‘yet been fully settled. 

Evidently propeller action must follow certain definite 
universal laws whether the propeller works in water or in 
air. The limitations of present propeller theory are therefore 
clearly apparent in the fact that the method used in design- 
ing marine propellers and the method used in designing air 
propellers bear practically no relation to each other. In 
fact, a designer who has had experience in both fields recently 
remarked to the writer that a man who was experienced in 
designing marine propellers would be very poorly equipped 
to design ani ait propeller. This indicates that there must be 
some vital discrepancy in the underlying theory, as the laws 
of mechanics are universal in their application. 

In spite of these defects in theory, marine propeller design 
has been almost completely standardized in practice, and fol- 
lows certain prescribed routine methods. The starting point 
in marine practice consists inthe information furnished by 
the performance curves of full sized propellers of certain 
standard types working behind a ship. ‘Thousands of ‘such 
tests have been made and by the method of comparison and 
elimination, certain types of propellers have been arrived at, 
of which it can be said that they are more efficient under the 
conditions of the test than any others tried. Starting with 
this experimental data, marine propeller design proceeds by 
changing one element at a time, such as diameter, pitch, or 
projected area ratio, and comparing the performance of the 
new design with that of the original from which it was modi- 


*Consulting Engineer, General Machinery Foundations Co., Philadelphia, Penna. 
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fied. ‘This method shows that certain propellers are better 
(or worse) than others, and thereby enables an intelligent 
selection to be made from the typesat our disposal, namely 
from the types which so far have been experimentally tested. 

In this method, however, certain important factors are left 
entirely out of account, or determined arbitrarily, chief of 
which are the profile of the blade and the form of its cross 
section. The blade form commonly adopted in marine prac- 
tice is that of a “true ellipse”, although no valid reason, for 
adopting this shape has ever been advanced except that it is 
symmetrical and pleasing in appearance, . As no.one would 
ever think of designing an air propeller on these lines, it may 
be inferred that there is no real. reason why it should be 
taken for granted that an elliptical shape of blade is specially 
adapted for propulsion. 

The same idea of symmetry is followed in determining the 
blade cross-section, which usually has the form of a lune or 
circular segment. This design of course has the merit of 
simplicity, but otherwise has no.rational basis, In fact there 
is reason to believe that the point at which cavitation occurs 
is largely dependent upon the form. given to the trailing edge 
of the blade. To say the least, therefore, there is no evidence 
that, the present forms of blade profile and cross section as 
adopted in marine practice are the most efficient that can be 
devised, while on the contrary a rational method of design 
will indicate what improvements are possible and practicable, 

As indicated above, marine practice in propeller design is 
based almost entirely on experiment, dud very little theory 
is involved. Consequently if there is a decided change in 

the type of hull, thereby altering materially the wake and 
- thrust deduction factors, or in the speed: it is desired to attain, 
such. for example as in developing a type of vessel of double 
the speed of existing types, the designer has very little data 
on which to base his calculations, and must depend entirely 
on the model tank and the law of similarity, which is not al- 
ways entirely satisfactory. . 
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The construction ‘of air propellers, being entirely -outside 
of the field of marine experiment and practice, brought’about 
the elaboration of a theory of propeller action in the air. At 

present the design of air propellers, both in this country and 
in England, is based on the so-called “‘ impact theory” origi- 
nated by Drzewiecki, and modified by the “inflow theory” 
proposed by Henderson. The results of analysis by this 
theory, however, vary considerably from results obtained by 
experiment, and are therefore not relied upon to give the 
absolute elements of design, but rather to show the character: 
istic features of certain types of propellers. Although’a step 
in advance of marine practice, this method is also susceptible 
of great improvement. 

Ina recent book on air propeller design by a leading 
English authority, a numerical example is given to show the 
wide variation in results which may be expected from the 
impact theory. In this problem it was required to design a 
propeller for an aeroplane fitted with an engine developing 
250 H.P. at 1200 revolutions per minute for a flying speed 
of 110: miles. per hour, Assuming a propeller ‘diameter of 
10: feet and proceeding with the design in accordance with 
the impact theory, neglecting inflow velocity, it was found 
that the propeller so determined would absorb 280 H.P. at 
1200. revolutions per minute with an overall propeller 
efficiency of 84.7 per cent. Redesigning this propeller, using 
exactly the same numerical data but including inflow veloc-. 
ity, it: was found that this new design would absorb 182°H.P. 
at.1200 tfevolutions per minute with an overall propeller 
efficiericy of) 65 per cent, a difference therefore of about ‘roo 
H.P.in:the power absorbed and of 25 per cent in the overall 
efficiency. In discussing this discrepancy the designer states 
that, if: this propeller was tested im actual’ flight ‘it would 
probably absorb about ‘260 H.P. at 1200 revolutions per 

minute with ‘a thrust efficiency of 80 per cent. 

It requires no mathematical analysis to understand some of 
the reasons why the impact theory yields results like the 








{ 
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above,. - There are at. least two well established ‘facts which 
may'serve to. indicate where the trouble lies, ‘The first. fact, 
which has been established by itmmumerable ‘tests on aerofoils 
in wind tunnel experiments, is that the “lift” of amaerofoil 
is due mainly to decrease of pressure on the upper, or suction, 
side, not over, one third at most, and usually much less, being 
due to, pressure on the lower face. Evidently, therefore, the 
impact, theory as ordinarily understood and applied is insuffi- 
cient.to account: for the lift of am aerofoil, or the thrust: ofa 
propeller. Furthermore, itis also.a well known fact that 
when. a ‘propeller is revolving at the speed: of revolution and 
with the speed of advance for which it was: designed, the 
angle of incidence of the relative flow. with: the pressure side 
of the blade is frequently zero, or at most a very small angle, 
say of about 1 degree... From, this fact: also it is apparent that 
the impact theory is inadequate to.account for propulsion: 
In-order:to develop a theory. of propeller action which shall 
be both practical and scientific, it is mecessary to start from a 
hydrodynamical basis, as any theory which is not in accord 
with the. laws, of fluid flow is evidently unsound.-. Numerous 
investigations. have been carried out in recent years along 
purely hydrodynamical lines and these results are now avail- 
able for establishing propeller design on a rational basis. In 
fact, the circulation, flow around .an aerofoil, established by 
the investigations of Kutta, and which is now generally taken 
as a basis for. calculating the sustaining: power of airplane 
wings, has provided a means whereby a propeller theory in 
accordance with hydrodynamical laws can be developed. 
This circulation theory has been elaborated to:a considerable 
extent abroad, and, is already established om a practical work- 
ing. basis... Undoubtedly the next’ few years will see the cirt- 
culation, theory made, generally available in this country, as . 
marine engine practice made great strides during the war, and 
anything that will better propeller efficiency will not long: be 
overlooked. 
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As the idea of circulation flow around the blade is the dis- 
tinctive feature of the modern propeller theory, an effort will 
be made to explain briefly just what is meant in hydro- 
dynamics by circulation. 

In order for a-propeller to‘function, there must be a differ- 
ence in pressure on opposite sides of the blade. On the lead- 
ing face there is an increase in pressure, whereas on the 
rear face there is a decrease in pressure. Suppose ‘now that 
a tube open at the ends is bent into the form of a C and 
placed so as to partly encircle the propeller blade, one end 
being adjacent to the leading face and the other end adjacent 
to a point directly opposite on the rear face of the blade. 
Evidently the difference in. pressure at, the two ends of the 
tube will then cause a circulation, or flow, of the fluid in the 
tube. . If the velocity of flow set up in the tube is v and the 
length of the tube is 7, the circulation through the tube will 
be, wi. 

Now instead of an actual tube consider a closed curve 
intersecting the blade, or completely encircling the blade and 
intersecting the race stream just in the rear of the blade. 
Then the line integral of the velocity around such a closed 
circuit is called the circulation, and represents an actual cir- 
culation flow around the blade as in the case of the bent tube 
used for illustration. Denote the density of the fluid by 3 and 
the pressures 6n opposite sides of the blade where it is inter- 
sected by the closed circuit under consideration by A and py. 
Then the difference in pressure, 2,—/,, will produce, 1 in the 
time 4, a circulation C of amount 


jah Dip: 5 
Cc S.atige cide 


If the velocity of advance of the propeller is denoted by V 
and the breadth of the blade! in’ the ‘direction. of advance at 
the! point considered is 4, then’ ifv¢'is the interval of:time 
during which the circuit:continues to intersect the blade ‘we 
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have 6 = V4, or¢ = =a - Consequently the expression for 


circulation may be written as 


SOT Papp! 290 
Cir RSs 


V 


But (~,—/.) 4 is evidently the thrust (or lift in case of an 
aerofoil) exerted on a unit length of blade surface. If we de- 
note this thrust per unit length by T, we have 


T=COV 


This is the famous. circulation theorem discovered independ- 
ently and in different ways by Kutta in Munich and 
Joukowsky in Moscow. 

In order to make clearer the effect of circulation currents 
on the flow around an arched surface, the accompanying 
diagrams are reproduced from an article by Dr. Daimler. The 
cross section of the surface as shown in the figures is an arc 
of a circle with a camber of 75. The length of the surface 
is assumed to be infinite in order to avoid the disturbing 
effects at the ends, and also to simplify the calculations by 
reducing the problem to the case of two-dimensional flow. 
The surface is assumed to be moving through still air with a 
velocity. of 20 meters per second, at an angle of attack of 
10 degrees. The curves shown in ,the accompanying figures 
were actually calculated from the given numerical data, and 
not merely drawn by guess or in a qualitative manner. 

For purposes of arialysis, the flow was separated into three 
elements: chord currents, (Fig. 1), normal currents (Fig. 2) 
and ‘circulation currents (Fig. 3). The first two of these 
partial currents are combined in Fig. 4,-and give the flow 
which avoids the obstructing: body in the easiest way, and: as 
is well-known, produces no thrust and.offers no resistance to 
motion (zero-lift arid dragi in, the case of .am aerofoil)...., The 
combination: of all.three elements gives the flow: shown :in 
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Fig’ 5.» The fact that the stream lines are crowded ‘together 
on the convex side of the sutface indicates an increase in 
velocity in this region and a consequent drop in pressure, 
while the reverse is true for the concave side. 
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Besides giving the magnitude of the resultant force on an 
elementary area as expressed by the abéve simple’ formula, 
the Kutta-Joukowsky theorem: also states that the direction 
of this resultant is at right’ angles to the direction of flow at 
infinity, which means practically at: such a distance ahead of 
the object as to be free from’ the disturbance created” by its 
motion through the fluid. This fact in regard to the direc- 
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tion of the resultant accounts for -the high efficiency of a 
propeller (or, aerofoil) when the angle of incidence is very 
small. 
A rational theory of propeller action such as that based on 
the circulation theory affects propeller design in a number of 




















Fic. 2.—NORMAL CURRENTS. 


ways. In the first place it enables the-designer to lay out a 
propeller to meet: any g7ven set of conditions, with assutance 
that the predicted performance of the propeller will not: differ 
materially from actual. results in service. Also the same 
methods, of design apply to both marine and aircraft. pro- 
pellers, as the laws of hydrodynamics ate independent of the 
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medium-except for the numerical--values of the-density and 
viscosity coefficients involved. A notable feature of the cir- 
culation theory is that it makes it possible to develop a type 
of propeller for maximum efficiency. The importance of 























“Fic. 3.—CIRCULATION CURRENTS. 


such a type-is well recognized in aeronautics, while in marine 
practice, where a vessel ‘moves at a uniform speed for long 
periods of time; even a slight betterment in efficiency is a 
notable achievement from the standpoint of power saving 
alone. Elements of design such as blade contour and cross 
section, which are now purely empirical in marine. practice 
and la@gely’so-in aeronautics, may also be determined with 
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Fic. 4.—COMBINED CURRENTS WITHOUT CIRCULATION, 
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the same degree-of certainty as pitch-and diameter. It may 
also be remarked that the circulation theory shows that the 
true screw type is not the most efficient form of surface for 
propulsion, as now generally assumed, so that there is also 
room for improvement in a feature which has hitherto been 
accepted without question. 
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WELDING; ITS USES AND ABUSES. 


By E. P. Jessop, Capratn, U. S. Navy, MemBer. 


To the layman, welding is an operation which appears so 
infrequently in his life as to make it probable that he is un- 
able to understand the constantly recurring discussions in tech- 
nical papers on the subject, and an explanation of the reason 
for this great interest which technical men show for this. sub- 
ject may not be out of place at the outset of this discussion, 
which is a discussion for the layman, or rather for the person 
who will be more clearly designated as the receiving end of the 
repair game. 

You have a piece of machinery to repair and you take 
it to John Smith’s shop to have the work done, and John 
patches it, or welds it, and you get. it back in more or less 
good condition, depending on John’s knowledge, ability and 
honesty. 

Perhaps John tells you it cannot: be patched. and that you 
will have to pay for a new casting, thereby increasing the cost 
of the repair greatly, and unless you are technically, trained 
or are experienced in such work, you will have to take John’s 
dictum. : pw 

To those who have the real essence of industrial life in 
their makeup, or, in other words, to those who rejoice in ac- 
complishment which marks out new lines of procedure, a new 
process which saves time, labor and material becomes a thing 
to be investigated, nursed and assisted in every way. possible, 
in order that the arts may progress and the world be made the 


more able to meet the constantly increasing demands for 
service. 
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Welding with the electric arc is today in its infancy when 
compared to its possibilities, and it is the feeling that this is 
true which makes technical men as talk and write of 
welding. 

This is not saying that the Jayman is not interested in sav- 
ing time, material and labor, because he is the most vitally in- . 
terested of all, but he cannot usually devise means and meth- 
ods, as that is the province of the expert, and he has neither 
the time nor the inclination to investigate sufficiently to know 
which methods should be adopted since he has the expert to do 
that for him. 

The purpose of this paper is to discuss welding without tech- 
nicality and in such a manner as to interest those who probably 
need it in their business but don’t know it. 

Welding as an art is a family of many brothers and sisters, 
and like all families where visions of parental wealth appear, 
the discussion as to the proportion of this wealth to be willed 
to each member causes much acrimonious interchange, with 
the usual result of disrupting the family, discrediting the indi- 
yiduals in the family and frittering away the wealth in pros- 
pect. 

This has been exactly true of welding, and has resulted. in 
discrediting all types of welding to a certain extent in the mind 
of the layman, and in making even the technical man wary of a 
too solid backing of any particular method. 

Thermit fought Oxy; Oxy fought Electric, both Spot and 
Arc, while Spot and Arc fought among themselves, and the 
prospective, client, after listening for a while to what each said 
about the other, in many cases decided they were all bad and 
went back to old methods of repair. 

Even worse than the above, different types of Arc Kaci 
ited other types of Arc, until it is small wonder that so little 
real information which may be depended upon is available 
for the layman to study. 
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The-art has suffered: from:another evil; which time and.com- 
petition’ only can: eradicate, and that: is incompetence in the 
personnel of the various companies doing work, . This.element 
is most pronounced in the Arc world, since the ,Thermit and 
Oxy members are older and, therefore, more completely settled 
on a practical. basis. 

Still. another ‘confusing element forthe layman +has: been 
the fact that the greater part of the discussions written on the 
subject, especially in the Arc Weld: division, are written en- 
tirely from a technical standpoint, until one almost expects the 
microfarad to materialize and to be able to distinguish him 
actively suipervising the depositing of the globule:of: metal in 
the: weld, 

In reality welding is,entirely a practical problem and its. 
“ goodness ’’ or “‘ badness ” is' directly dependent on the me- 
chanics of the application by the personnel much more:than. it 
is on any other agency, but this idea is not usually prominent 
in. the technical..discussion, 

The situation, as it appears to. the. writer, .is about as fol- 
lows as regards. the types of, welding and! their fields of, use- 
fulness: 

Use Thermit. where: the: work can bei gotten at, from all 
sides and where there is a:mass ‘of metal)to be added. »! 

Use Oxy-Acetylene for cutting and -for; welds which ‘do not 
have to stand fluctuating or vibrating strains, in: all: metals ex- 
cept’ cast iron; where pre-heating: can be: properly. carried out 
without seriously affecting the time and:cost:of; the: job, and 
where intense heat cannot injure other parts:of: the,mechanism ; 
also where. hard: metal will not be:a serious drawback;:never 
on a working ‘surface: nor in a:place where scgeeets is needed 
in the weld. 

Use Are welding. (high or low: voltage) where arieats ten+ 
sile strength and, ductility are a criterion and) the) weld) is: in 
steel or any, other: elastic:metal of good tensile strength, also.in - 
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alloys if the machine is) so arranged as to permit the expe- 
- ditious reduction of voltage to give a proper: welding heat. 

Use Arc weld (low voltage) for work in cast iron, alloys, 
or steel where high tensile strength and ductility are neces- 
sary, and ‘especially where vibration is to be met in service; 
also where the work is to be repaired in place so’ that pre- 
heating is difficult, since the strains set up in the work :by cool- 
ing will be negligible 'where the low voltage arc is used, and 
with it pre-heating ‘is’ not necessary; also’ where the weld is 
part ofa working surface and where soft metal is a requisite. 

Good welding is possible only where the proper welding 
heat is: maintained constantly in the weld. » In the blacksmith 
and forge shop the successful weld is a matter of the trained 
-eye of the blacksmith for heat color, while in electric arc.weld- 
ing itis in the setting of the heat control adjustment’ to the 
work and the ability of the control to maintain the setting 
within very close limits. » 

It is by no means sufficient that anenergetic salesman tell 
you that his type.of apparatus will perform all’‘kinds of work, 
nor can you depend upon'the literature passed out to you by 
the corporations which manufacture welding equipment as to 
the ability of a particular type of machine’to do'certain kinds 
of work.. Such corporations have not been and are not now 
- careful ‘in their statements as’ to what their output will do, 
and it is in that circumstance that lies; the writer believes, the 
major ‘part of ‘the difficulties by which Arc welding has been 
kept from coming into its own. \ | 

Corporations which would scorn to mislead with regard to 
equipment in other lines and which appreciate’ the necessity 
in an‘advertising way ‘of having equipment ‘fulfill the claims 
made for it, do not hesitate, in the case of welding equipment, 
to “ draw the long bow,” and the writer explains this rather 
curious fact by the probability that ‘so little is known ‘with 
regard to practical welding: by the sales force, the art being 
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so young as to make even the practical side somewhat nebulous 
as far as’established practice is concerned, they assume all types 
of machines, metals, etc., and all othér,adjuncts: of making a 
weld as being without essential differences, whereas the’ truth is 
there is the greatest difference in the world, 

Certain standard builders of such:equipment have constantly 
maintained that'cast iron cannot be reliably welded with. the 
electric arc, and: yet they will readily sell their equipment to 
those who need to weld cast iron, just because another firm will 
guarantee to successfully weld cast iron, and they feel in a 
vague way that while they do not believe that their machine | 
will do that work, yet if the other firms’ equipment will, why 
not theirs. © ~ 

The sooner this attitude is abandoned, the sooner real. weld- 
ing will become'a standard method of repair and be put: in the 
relative position with regard to other: methods that its impor- 
tance requires. In other words, the commercial: side of weld- 
ing has ‘been permitted to run wild; with the inevitable: result 
of instilling in the minds of prospective clients »a ‘suspicion 
which is a-direct' block to proper growth in'the art. 

- During the welding which put into service that: great: fleet 
of interned German ships ‘in’ the incredibly short time of 
five and one-half months against an estimated time of:eighteen 
months td two years, a desperate attempt: was made! by one 
arc welding equipment company to prevent the use of arc 
welding on the'cast iron‘cylinders of the engines of these ships, 
by reporting the writer to higher authority for the use of dan- 
gerous methods of repair “ since electric’ welding experts’ such 
as themselves knew that cast ‘iron’ could *not be safely welded,” 
and yet oné yeat later when’ the world knew that cast iton ‘had 
been ‘successfully welded ‘and that 162 great welds in these 
cylinders had stood the test of wat operation without a single 
weakness déveloping, the same firm of electric welding experts 
in full page advertisements celebrated the ‘welding’ of the en- 
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gines of the German ships with the electric arc and announced 
that they sold: such equipment, yet at the time of issuing this 
advertisement their machine was not one whit better designed 
to handle cast iron than it was when they, honestly, I think, 
stated that such welding could not be done. 

If their advice had been followed, four hundred thousand 
men who faced the Germans in the final months of the war 
from Chateau-Thierry to Sedan would not have been in Eu- 
rope, and electric are welding would have been immeasurably 
set back by the loss of this, the greatest piece of advertising 
_ the art has ever had. 

‘It must be definitely set down here that cast iron ‘has been 
and can always be reliably welded by the use of open circuit 
low voltage equipment with automatic heat control, and that 
it cannot be reliably welded: with open circuit high ‘voltage 
equipment without automatic control, and it would assist the 
general health of the art if: this fact were realized by those 
who have for so long obscured the situation for commercial 
reasons, and an appreciation: shown of the fact that certain 
types of equipment are definitely limited in ‘their — while 
others are not so limited. 

The electric welding world is: its own worst enémy in very 
many ways and it does ‘seem a deplorable thing that such an 
aid to time and money saving should be forever — its 
progress blocked by overzealous: sponsors: 

From time immemorial it has:been the mark of a good 
salesman that he appreciate the good points of his competitors’ 
product and if he could not show that his own. was honestly 
as good or better he kept quiet on those. points or, if requested, 
would give his honest opinion, but. this has not been true.of 
the Welding World where cut-throat tactics have been the rule 
rather than the exception, and, as stated before, the prospective 
purchaser has been. frightened away. by what, each. had.to say 
of the other’s apparatus, and. has been, made to believe. that 
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all welding is unreliable and’ a ‘makeshift when in reality there 
is no form of ‘repair more reliable: or' lasting when. properly 
done: | 

Anyone who reads the various pamphlets issued by the: va- 
rious firms, and who knows. welding: with the electric arc or 
with oxy-acetylene, must find great amusement in the: loose 
and misleading statements therein and the naive way in which 
a statement: will be made on one page when talking on the 
selling side and contradicted on another when talking on the 
operative side, and all within a page or two of each other. 

One.is also struck with the great amount of vague general 
information with regard to practical welding and the almost 
entire lack of specific information on that: subject. As. a 
case in point, I quote from a pamphlet issued by one: welding 
equipment firm under the heading of.“ contraction of the hot 
deposit’: Question, ‘“‘ How may strains produced: by: this 
characteristic be minimized?” and the’ wise answer, >“ By 
adopting a proper welding procedure, either non-rigid or rigid, 
which serves:to partly anneal the metal and reduce the locked- 
in stresses.” To adopt the parlance of the old sailor man, “ By 
all the Gods of War,’ what does that mean to a practical 
welder? Not a word of how to apply the meta! so as to pre- 
vent the formation of these stresses, but a lot of vague clap- 
trap ‘which any practical man would throw into the waste 
basket in disgust. 

The truth is that the electric experts have been spending 
their time in inventing nomenclature to such an extent’ that 
they have forgotteti to watch a good operator sufficiently long 
really to find out how he doés obviate stresses, hard metal, 
burnt deposit; ete., and since it is the electrical expert who 
writes our welding dope we are: fed up with generalities when 
we need particular information. 

The writer had one experience with an “expert” in weld- 
ing which was illuminating.. The expert in question was a pro- 
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fessor in one ‘of our large universities, whose business it was to 
lecture on welding. He stated to the writer that an electric 
arc weld in cast iron could not have the strength in it to make 
it reliable, and when questioned as to why, he said that the 
stresses set up by contraction in a metal so lacking in ductility _ 
as cast iron were so great as to preclude placing much depend- 
ence on the weld. . When shown by sketch how the stresses of 
contraction could be so minimized as to make them negligible, 
he agreed that it could be done and said he had never thought 
of that. 

The old saying that:a little knowledge is a: dangerous thing 
was never more strongly exemplified than in the case of weld- 
ing, and any’ man who presumes to talk welding without a 
knowledge of the practical as well as the theoretical side is 
treading on dangerous ground unless he definitely states the 
exact limitations of his observations. 

Welding is dependent on the following for. its. charac- 
teristics: 


Type of apparatus used. 
Kind of welding metal used. 
Ability of the supervisor. 
Ability of the operator. 


Defective welds may be defective in the. following ways: 
Internal stresses set up in the work by improper equipment.and 
method ; metal not thoroughly fused.due to. too low heat ;.metal 
burned..or rendered brittle. by too high welding, heat; weld 
slagged up by careless operator not cleaning: surface of each 
layer of,metal.and by. fluctuating heat in the weld, or the too 
frequent breaking of the'arc by a.careless operator, especially 
when using.a high voltage machine (anything over fifty volts). 

To reduce the probability of these various defects creeping 
into a weld, the operator must be trained, of course, but there 
are various ways by which the type of machine may assist in 
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reducing this probability, and also by which the kind of, metal 
used for welding and the kind of- supervision provided may 
also assist. 

The first item, i.e., sttesses in the:weld, is not only a matter 
of supervision and operator, but: also the type of equipment 
used. 

The laying out of the scheme for the work must: take into 
consideration so applying the metal as to reduce the generation 
of stresses in the finished work.to a minimum. 

The amount of heat used in making the weld is both a func- 
tion of the type of machine and the good sense of the operator ; 
the type of machine, because certain types permit.a wider range 
of heat after being adjusted for the work than other types, 
and a function of the operator, ‘because:he has it in +his' power 
to reduce the amount of heat to which any part of the struc- : 
ture is subjected; both by holding a steady: are and by shifting 
his point of work sufficiently to keep the whole mass compara- 
tively: cool.,;, The speed of welding is also in his control. 

The adjustment, of the machine to the work so as tooget a 
proper welding heat is distinctly a) function of the» operator 
and he must be sufficiently expert to. judge when the metal 
really is being welded. Carelessness in’ this: regard sat the 
beginning of the work is frequent cause of poor welds. 

The burning or the deposit: of: hard !and ‘brittle: metal is a 
combination of the operator arid the machine: since'-the -draw- 
ing of a long arc will throw the whole heat: scheme:out: of ad- 
justmient temporarily and the combination of an inefficient or 
careless operator with a machine which permits’ the drawing 
of an arc longer than usual will insurea bad weld, and no:ma- 
chine which: does, not: have close control of the current’ and 
which carries an open circuit voltage of greater than fifty volts 
can be considered as certain to'turn out as reliable welds as one 
which has these two features. In other: words, it>takes a 
much more expert and conscientious operator to make ‘contin- 
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uously good welds with a high voltage machine than. it) does 
with one of low voltage in spite of the fact that the low voltage 
arc will break more frequently than the high voltage, but the 
breaking of the arc in the case of the low voltage: machine 
is not attended with slagging up or burning the metal of the 
weld as in the case of the breaking of a long arc, and the out- 
side limits to which the low voltage arc may be drawn before 
breaking are not outside the limits of proper welding heat, 
while those of the high voltage arc are. 

Annealing is not necessary in a properly made weld with a 
low voltage. It is necessary with high voltage and)is an es- . 
sential in the case of an oxy-acetylene weld except in cases of 
simple filling of blowholes where strength is not a consideration 
and where the holes are‘not‘of great extent. 

Oxy-acetylene welding is accompanied by many diffibaliies 
which do not exist to a:serious degrée in arc welding! For in- 
stance, the great heat of the flame makes it impossible to keep 
the work cool and therefore pre-heating and subsequent anneal- 
ing becomes essential. This» precludes doing work in place as 
so frequently can: be done in are welding: Again, the: great 
heat and other characteristics make it difficult to re-weld 
parts which are found defective without re-welding the whole 
work, whereas any part of an are weld:may be cut. out: and 
re-welded without disturbing the rest of the weld. 

The fact, is, a properly made arc weld is made by laying 
in the metal and then by the hammer test developing the hard 
spots and» those portions in which the metal has not “fused 
properly, and cutting out those spots and laying in new metal. 
As. a casein point, we had: to cut out about three inches of an 
eight-foot weld in one: of >the turbines of the Vaterland 
arid renew it, those three inches being the only part of ‘that 
great weld which was not perfect, all of which was determined 
by the hamer test on inspection of the weld after the operators 
had completed. it, and before any test: was put on the turbine: 





WELDING; ITS USES AND (ABUSES. 425 


With regard to the arc systems, the work will heat up»more 
with the high voltage than with low voltage are and as a)result 
the stresses. will be that much more in extent; which is the 
reason for the statement above that there is no reason for pre- 
heating and subsequent annealing with the low voltage: but 
there is some for the high voltage. 

It xis seldom, for instance, that an Oxy or a high voltage 
weld will show more than three or four:per cent: elongation 
on test: while the average low voltage will show between ten 
and: twenty per cent with the same welding wire. 

If.the welding world is to be put in its proper placeof:im- 
portance. in the:industrial: community, it must desist: from its 
preserft method of welding anything with any equipment; be- 
cause the percentage of failure is so great as to throw suspicion 
on the whole art, and in truth there is no. reason why: a guar- 
antee should not: be required on something like the “no ‘cure; 

no:pay.”’ basis. 

Any competent welder should be able to look at a job and 
say whether the outcome of a weld would be uncertain: and 
in such a case: he should not attempt to work without telling 
the client ofthe chances being taken’ and giving him ‘the op- 
portunity to use other methods if he so desired. 

While: it is not: claimed that all companies in this: field are 
careless as to their ‘statements to clients and as to the results 
of their work, there certainly is a great deal of poor welding 
being foisted on the public, and since the art is not yet suf- 
ficiently standardized: as to be received with entire: confidence, 
such carelessness cannot but seriously affect the — of 
the art very detrimentally. 

At the»outset, of the use of the art, only those jobs were 
considered. electric: welding jobs where: strength was ‘not’ too 
much of a requisite, and:as a result, any old:method of laying 
‘on metal would suffice. This caused carelessness ‘among the op- 
erators and:a lowering of requirements among the supervisory. 
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forces of the various companies in this field, so when welding 
expanded into the field where the original strength of the metal 
was required in the weld, there were few operators and super- 
visors who were capable of meeting the new requirements suc- 
cesSfully. 

This was the basic reason for the condition early in 1917, 
when the railroads had’ to:furnish the welding talent for the 
repairs to the German ships, since the railroads had been for 
two or three years using the arc in their own repairs, and nat- 
urally they had to havethose repairs reliably ‘made, so that 
their personnel was taught proper methods in welding and to 
a great extent were forced into a feeling of responsibility ‘for 
their work. “fide 

Just the opposite was true of the marine world where repairs 
of such a character'were made by commercial ‘firms whose in- 
terest was in getting the work done in 'the time-allowed and at 
a figure which represented a profit for them... What hap- 
pened to the poor engineer when welds let go‘at:sea never 
disturbed: the peaceful slumbers of the ship repair: man; the 
result being that the railroad fraternity went ahead in their 
knowledge of welding while the marine world slept. 

The application: of welding to the marine industries has yet 
to be worked out to its: logical conclusion and in that there 
is much to be accomplished by educating:the world to:a proper 
belief in the efficacy of the method, and this education ‘cannot 
be: successful if the welding world continues content to dis- 
credit the art by careless ‘or questionable application. 

The field of: welding lies in the home; in the shop, in the 
foundry, in the whole gamut of industry,,:and'on’the broad 
expanse|.of the) sea. No «shop and no: ship’ is completely 
- equipped without its welding equipment and: its capable op- 
erator, and the reason is:that itiis the greatest saver of time, 
material-and labor the industrial world has séen in’ many ‘years. 

At sea it has a tremendous value'as there are many break- 
downs of machinery which more or less totally disable ship- 
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ping, the character of which makes it easy to ‘repair with a 
proper’ welding equipment, and» frequently one such repair in 
two or ‘three voyages would affect’ a saving in time’ which 
would pay for the equipment many ‘times over. 

Much is being written on the subject-of the difficulties: of 
testing welds sufficiently to assure their reliability: 

The writer’s experience has been very’ reassuring’ in that 
regard and it is believed that more: ‘extended experience with 
actual work by the writers of articles’ om welding and by those 
who have need:of the art in their business will eradicate much 
of: this’ idea. ) 

The writer’ has proven to his own ‘satisfaction’ that’ ‘the 
hammer test, which by the way is seldom mentioned’ as a 
method of testing a weld, will invariably show up a’really’de- 
fective weld; that is; a weld which is’ ‘sufficiently defective to 
seriously affect its strength. 

Just‘as you can detect laminations in metal by the hammer, 
so you can detect unwelded spots in the weld, and by the'action 
of the metal under the hammer you can determine its’ enacecd 
and general condition. 

It is seldom that a presstire test will develop a‘ weakness 
‘in a weld which ‘will not be shown by the seepage through of 
the liquid before the test pressure is applied. Weld a crack ‘in 
a cylinder; fill it with water and! if the water does’ not come 
through without pressure it seldom will appear when the pres- 
sure is applied because a weld which is defective to a point’ of 
weakness will not ‘hold water. ‘This, ofcourse, is’ not’ an ‘in- 
fallible rule becguse in a weld of any’ thickness ‘it ig possible 
that a wall impervious to water might have been formed while 
the greater part of the metal did not adhere, but this’is ‘fot ‘a 
probable happening,’ and would’ be shown up Ad wars ham- 
mer test. 

In other words, ‘you may trust’a weld which! does not show 
defects by visual'inspection and ‘the hammther test, both of which’ 
are practical tests for any work. 
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The. ordinary. porosity of the welded metal. should ‘not be 
confused with bad welding because it seems not to weaken 
the structure to an appreciable extent and where work. must 
be water-tight the peening of the surface is all that is neces- 
sary to prevent seepage. 

The welding metal to be used is another item which should 
have careful attention, as it is obvious that any old metal 
will not make good welding metal. 

Several firms have carried out extensive laboratory investi- — 
gations on this subject and from them, welding metals which 
have the proper proportion of the various elements:which go 
to make: up the characteristics of the metal being :worked on 
may, be obtained. Passing through the are burns out percent- 
ages of the various elements and it is therefore necessary that 
the welding wire contain a calculated excess of the elements 
which burn out in order that the metal after passing through 
the are will still retain proper proportions of these elements. 

Therefore, one who is going to engage in welding opera- 
tions should investigate the metals just as carefully as he in- 
vestigates the characteristics of the machine ‘he buys. 

Last, but by no means least, comes the supervision of the 
operators. Much. has been written of the importance of the- 
operators, but of immensely greater importance is the man 
who lays. out the work. and passes on it. as it proceeds. it is 
a_well.known fact that personal pride will make any. operator 
_ tend,toward being a biased critic of his own work, and he 
therefore is not ordinarily. of much use in making a decision 
on the efficiency of his work. ., Too: little supervision is one of 
the crying.evils of the welding game today, and:one which must 
be .corrected. by. the .welding world. itself. before dependence 
will be placed in them by the users of their product. 

It is appreciated that some of the above sounds a bit critical 
and, fault finding, but the reader may rest assured that :the 
intent is to help. and not to, hurt, and the seriousness’ of the 
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criticism comes from a sincere conviction that the world is 
not today receiving more than a small percentage of the as- 

- sistance it should receive from the welding world, and the 
welding world is not establishing itself in its proper place in 
the industrial world due to the various items of bad practice 
mentioned herein. 
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TEST OF A COCHRANE OPEN FEED WATER 
HEATER. 


By Lr. P. J. Szartes (C. E. C.), MEMBER. 


In connection with the extension of the Power Plant at the 
Naval Proving Ground, Indian Head, Md., an extensive test 
was made of a new Cochrane open feed water heater, the re- 
sults of which are embodied in this article. As the method used 
was different from the usual scheme, and does not require the 
apparatus needed for the usual testing, its exposition may be 
useful. The results, which are not as accurate as those given 
by a complete and thorough laboratory test, are close enough 
for all practical purposes. The location and piping of the four 
heaters installed are shown on the attached drawing, although - 
but one heater was used in the test. 

The principal object of the test was to determine the ca- 
pacity of the heater when supplied with steam at two pounds 
per square inch gauge, and heating the water from 60 degrees 
to 210 degrees F. The rate of supply (taken from a stand 
pipe and several degrees above 60 degrees F.) could not be 
closely governed as the heater tested was in service, and boiler 
feed was taken from the heater at a varying rate. Also a 
steam pressure of 114 pounds was the maximum that could 
be obtained with satisfactory steadiness at the time, although 
the exhaust steam used did possess supérheat in all except one 
test. It was therefore necessary to test under prevailing con- 
ditions, and devise a method of translating results into terms 
of the desired conditions which will be reached when the plant 
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is in complete operation. The most satisfactory method and 
formula seemed to be * follows :— » 
































ad 
B. T. U. supplied to water in one hour = K (V)% ons 


Where K = coefficient of heat transfer from steam to water 


per cubic foot of water. ' . 
V = Quantity of water supplied to heater in one hour 
in cubic feet. 


d == Logarithmic mean temperature difference between 
steam and water in degrees F., that is, 

4—- 4 

ear "3 
loge 73, 
Where ¢, = Temperature of discharge water in degrees F. 
== Temperature of intake water in degrees F. 

t, == Temperature of steam in degrees F. 3 

Presumably when the actual conditions approximate those 
specified above, but slight error would result from the use 
of this formula. In the tests which were relied on principally 
to fix the value.of the maximum obtainable capacity of the 
heater, conditions were very close to those specified. For ex- 
ample the mean data derived from test No. 18, was as fol- 
lows :— 

Back pressure = 1.20 pounds per square inch gauge. 

Temperature of supply water == 60.2 degrees F. 

Temperature of discharge water = 208.2 degrees F. 

Mean temperature of: steam == 216.2 degrees F. 

(Note: The temperature that would correspond to a steam 
pressure of two pounds would be 218.5.degrees F.) ...... 

The superheat found in the steam supplied to the heater 
would not introduce any appreciable error into, the results, for 
the degree was comparatively slight. If the steam: had. not 
been superheated an uncertainty would, have existed as to the 
amount of priming introduced with. the steam. aborts 


d= 
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It can'be seen that from the measured back;pressure and ‘the 
degree of superheat, there has been calculated) the: mean tem- 
perature of the steam in each test. It is realized that the back 
pressure, as measured, was not the partial pressure of the 
steam, but no methods wére available, for distinguishing, -be- 
tween the total pressure of the steam and air present, and the 
partial pressure thereof... This fact may be considered as some- 
what disadvantageous. to the heater, but this handicap would 
decrease as. the performance,.of.the heater improved,, for the 
ability of a heater. to, free itself, from,air is| about the largest 
factor contributing to the performance of the heater. 

A series of tests were made at different back pressures, and 
the “K.” and quantity of water supplied to the heater per 
hour were calculated for each test. These values are plotted 
on Chart No. 1, Curves were then constructed on this chart 
for back pressures of 4, %, 3% and 1% pounds pressure 
and when the heater was supplied with stand, pipe water. 
From Chart No, 1 was selected the maximum “ K ” as shown 
for each back pressure, and which was the maximum obtain- 
able under the actual conditions of the test. This value of 
“K” was then substituted in a formula which was derived 
from that given above and which should show the maximum 
capacity at the specified temperatures of the water and steam, 
but at the test back pressure. This formula is as follows:— 
Capacity in pounds per hour = 


K X 51.3 it 
1.64: X 11.8°K 150.27) 





(Assuming mean temperature of steam maintained at 218.5 
degrees F.) 

On Chart No. 2, these calculated values of the capacity 
were plotted against the respective back pressure. - By extra 
polation the curve ‘which had been’ produced’ would” indicate 
(under specified conditions) a maximum capacity of 85,000 
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pounds of water per hour supplied to the heater. On the 
chart are shown complete calculations for Test No. 12. It 
can be noted that the quantity of steam condensed per hour, 
as shown by a water.meter on ,the,stand pipe ,water: supply 
and a Venturi Meter on the discharge line, was 9950 pounds 
per hour. The value calculated in Test No. 12 was 10,500 
pounds per hour. This apparent discrepancy of about 5 per 
cent is explained, however, by the fact that the 6-inch meter 
used is inaccurate to a certain extent at such a low rate 4 was 
used, viz.: about 160 gallons per minute. ‘ 

The trap discharge from the Power Plant was parnlles to 
blow into the heater under test, and this would favor the 
heater. However, as the main steam lines and most of the 
exhaust lines were carrying superheated steam, it is niot be- 
lieved that the introduction of the trap discharge caused any 
appreciable error: in the results. As a calculation of ‘the ap- 
proximate radiation losses from the heater showed such losses 
to be negligible, they were neglected. m 

The back pressures were measured in the separator of the 
heater by means of a U tube... The discharge water was ‘meas- 
ured with a 6-inch Venturi Meter, installed as shown i the 
location sketch. 

The temperatures of the supply and discharge water of the 
heater were measured by a Bi-Recording Thermometer, which 
was calibrated by means of an accurate mercurial therrhome- 
ter tapped into the respective lines. ‘The temperatures of the 
steam were measured with a mercurial thermometer tapped 
into the separator of the heater. As a matter of interest, and 
as indicative of the sufficiency of the steam supply, thefe was 
also measured the temperatures of the steam space , the 
heater and at the end opposite the separator. This was done 
with a mercurial thermometer tapped into the end wall of 
.the shell. of the cheater... 
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In the early days of the operation of the heater, it was found 
that the air valves, placed on the top of the heater, did not 
properly vent the heater when operating under low back pres- 
sure. In fact the heaters became air bound several times, and 
the feed pumps lost water in consequence. A notched pipe 
was then run through the trap discharge tapping of the heater, 
and carried up about a foot above the top ‘of the heater. This 
pipe is half inch in diameter, has notches at ‘the bottom, and 
reaches the entire length of the interior of the heater. Such 
method of venting obviated any further trouble with air. 

The conditions under which the various tests were made 
were as follows :— 


Test No... 1. As found—back pressure valve wide open— 
air valve open and inoperative—open vent 
through notched pipe—one heater in service— 
condensate supply. 

Test No. 2: As test No. 1. 


Test No. 3. Back pressure valve closed 314 turns—air 
, valves removed and tappings plugged—con- 
- densate supply. 
Test No. 4. Same as 3, except stand pipe water supply. 


Test. No, 5. Same as 4, except two new heaters in service. 
All readings taken as one heater. 

Test No. 6. Air, valve tappings’ plugged—open vent 

% through notched pipe—one heater in service— 
stand pipe water supply. 

Test No. 8, ‘9, 10, 11, 12, 18 and 14. Same as No. 6. 

Test, No..15. Vent through one air valve tapping (34 inch) 
—notched pipe vent closed—one heater in 

. ‘service—stand pipe water supply.. 
Test No. 16. Same as 15. 
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Test No. 17... Air valve tapping plugged—open vent through 
notched pipe—one heater in  service-++stand 
pipe water supply. 

Test No. 18. Same as 17. 


The shortest test. was of '70 minutes duration, and the long- 
est test. was 125. minutes, | Observations ofall quantities, were 
taken every 5 minutes. Tests. 1 to 5, inclusive, are chiefly, of 
interest in showing the effect of using condensate. supply, which 
has little air in it,.as.against. using stand, pipe, water which has 
considerable air, in it. .Tests 15 and 16-are of interest.in that a 
slightly increased capacity is indicated for the.use of,a 34-inch 
unrestricted vent at the top of the heater: It was found that 
at the higher rates and pressures, the 14-inch notched pipe 
through the trap discharge tapping was more or less obstructed 
with water. However, the free venting through the air valve 
tapping at the top of the heater is very undesirable from the 
standpoint of economy and comfort. “About 90 poufds*‘of 
steam per hour would be discharged at the higher back pres- 
sures, | This would equal about, 2/3. of 1 per.cent of the steam 
utilized in the heater. On the other hand. the loss of steam 
through the notched pipe is noticeably less, and frequently a 
cool discharge of air can be felt. 

Various corrections were made to the’ measuring ‘instfu- 
ments. Corrections to the low temperature reading of the 
Bi-Recording Thermometer ranged from, 5, degrees to’ 8; de- 
grees, F., and. corrections to' the high. temperature reading 
tanged from — 4.2 to +.2.8 degrees F. 

The results of the tests are not as accurate, of course, as 
the results obtained in a laboratory for two or three reasons. 
(@) Use of! superheated steam introduced ‘a slight ‘error. 

(b) Use of the total pressure of ‘steam! and air present in 
the heater, instead of the partial pressure of the steam, intro- 
duces a slight error. 
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(c) Introduction of trap discharge introduces a slight 
error, etc. 


If the usual method of testing, including weighing of water, 
was used, greater accuracy could be secured. But it is be- 
lieved that the method used is simple, can be used in any Power 
Plant, with. but slight trouble, is easily adaptable to any type 
cf heater, and is sufficiently accurate for all practical purposes. 
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THE PRODUCTION OF THE MINES FOR, THE 
NORTHERN MINE BARRAGE. 


By ComMANDER F. J. CiEary, U. S. Navy, MEMBER. 


The actual laying of the ‘Northern Mine Barrage has been 
celebrated in song and story, but the manufacture and delivery 
of the mines to the mine laying force—an achievement equally 
remarkable in conception and execution—has never been pre- 
sented to the public. Its accomplishment was due to standardi- 
zation, not only of parts and methods of manufacturing and 
assembly, but also of ships and of men. 

The proposal to construct a mine barrage 250 miles long in 
water reaching the depth of 980 feet and make the whole 
stretch of 250 miles exceedingly dangerous from the surface 
to a depth of 300 feet was unprecedented, and up to that time 
had been considered impossible from every practical stand- 
point, and it was impossible with the mines then in use. Time 
was a vital factor, as every day saw the loss of many price- 
less ships and cargoes. 

From April, 1917, to July, 1917, the Navy made an in- 
tensive study of all types of barrages; the three types promising 
any success were: 

(1) Nets and entanglements. 

(2) Nets combined with mines. 

(3) Mines alone. : 
The war experience of the British proved the unsuitability 
of barrages of types (1) and (2), and decision was then made 
that the use of mines alone offered the only practicable solu- 
tion. At least 100,000 mines would be required, and to be of 
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any real value they would have to be of a type more suitable 
for anti-submarine operations than any mine then in exist- 
ence.’ In other words, a successful: anti-submarine mine had 
first to be developed and then manufactured at a rate) far in 
excess of any production that had ever been reached even under 
the stress of war, 

The novel principle of the: firing mechanism of this mine 
which made it successful and which required the use of only 
one-third as many mines as would be required: by the best of the 
old typé. was discovered in April, 1917, but was:not brought to 
a state of development warranting its adoption until late; in 
July, 1917, and the entire mine was designed around. the firing 
mechanism. The possibility of the northern barrage depended , 
absolutely upon the success of the new mine. Had nothing 
better than the then existing types of mine been available, the 
northern barrage would have been utterly impossible of execu- 
tion within the time available by reason of the enormous num- 
ber of mines required. ‘The combined resources of the United 
States and the Allies, especially in the production of high ex- 
plosives, could not have produced the, required number of 
mines nor could the combined mine laying forces have planted 
them ina single year. 

On August 15; 1917, Admiral) Mayo, U.S.N., who. was 
about to proceed 'to England, obtained full details of the: pro- 
posed mine barrage to present to the British Admiralty. Im- 
mediately upon his. return a conference was held on October 
15, 1917; the: suggestions of the: British Admiralty were’ dis- 
cussed, and. adopted: and the Bureau of Ordnance directed: to 
procure 100,000 mines, the other Bureaus of the Navy Depart- 
ment undertaking all other necessary preparations. The plant- 
ing of the mine: barrage was to begin: as: early: in. the ‘spring 
of 1918 as possible to assure its completion during the favor- 
able, weather, of summer and early) fall.' Therefore’ only: four 
months were available in which to:complete the details of :de- 
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sign and start manufacturing on an extensive scale so as to 
obtain production in adequate quantities not later than’ Feb- 
ruary, which was necessary in order that the mines ‘could be 
shipped abroad, assembled ‘and made ready for laying by April, 
1918. This program necessitated their. ‘manufacture at the 
rate of 1000 per day or 4.2 times the production the British 
had succeeded in reaching aftef three years of war. 

In addition to manufacturing the mines themselves the 
other features for the entire operation were as follows:  , 

1. Building a mine loading. plant and obtaining a ‘shipping 
point. 

2. Shipment of raw materialand finished parts to the va- 
,tious manufacturers and to the loading and shipping points. 

3. Securing cargo tonnage to transport mines and mining 
material overseas. 

4, Conversion of merchant ships into mine layers. 

5. Training officers and: men for the loading plant and ship- 
ping base, assembly bases overseas, and crews for mine layers. 

All of this work, involving the handling of a tremendous 
amount of material, was but one of the many major naval 
operations then in hand, and every minute detail shad: to be 
followed up continuously to prevent overlooking some essen- 
tial part, the delay of which would hold up the whole project. 

On November 1, 1917, the only parts of the mine that had 
been completely designed were the firing mechanism and the 
mine case: Usually a new mechanism as complicated,as a mine 
can hardly be expected to function as designed: until: complete 
models have ‘been made and tested under service conditions and 
the usual: minor defects discovered and remedied: Ordinarily 
it’ requires at least'a year to prove’ out such a mechanism ‘be- 
fore placing: it in quantity. production: A new mine based 
on an entirely new principle had to: be built, it had ‘to be ef- 
ficient, and -yet had to be capable of manufacture and assembly 
in great quantities in the least possible: time. 
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Anticipating the adoption ofthe, mine. barrage, project, the 
Bureau of Ordnance had placed an order for 10,000 firing 
mechanisms on August 9, 1917, and for 90,000 ..additional 
mechanisms on October. 3, 1917. 

There were no commercial. plants, in. the United States that 
had had.any experience,in mine manufacture. 

It was decided that the only. method of, manufacture which 
would result in the early quantity production. desired was to 
utilize the wonderful .resources. of the passenger) automobile 
factories by, designing the mine as an assembly., proposition, 
by standardizing all parts, and by authorizing the, use of com- 
mercial processes and standards wherever possible. By the 
use of this method the many parts of the mine could be manu- 
factured in different. factories with great rapidity and could 
be finally brought together and assembled. without any, cutting 
and fitting. 

The .complete. mine was, therefore. divided: into several 
groups, each group being a separate design and manufacturing 
problem, all so. standardized that the several. groups. would be 
interchangeable and would assemble into. a complete..mine 


ready for the final adjustments and use. The several groups 
were: 


Firing mechanism. 
Extender mechanism. 
Mine case. 

Anchor. 

Antenna and floats. 
Horn device. 

Release gear. 


Each one of these groups was composed. of, many. parts, 
the parts of the firing mechanism alone being manufactured by 
more than twenty different factories, the complete assembled 
mine being composed, of several hundred parts, Each group 


29 


‘ 
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was manufactured and tested quite independently of the other 
groups. 

The mines complete were manufactured by 140 contractors 
and over 400 subcontractors; the mine cases were’ produced 
by 4 steel fabricating plants; the mine anchors, composed of 
many different parts, were manufactured’ by 3. automobile 
firms; the wire rope by 10 manufacturers, the firing mechan- 
isms by 2 electrical manufacturers. _ Dimensioned ‘drawings 
were furnished each contractor and subcontractor. The draw- 


ing tolerances specified’ for fitted parts were of the two fol- 
lowing classes : 


Extreme accuracy required .002 inch to .005 inch, 
Fair, accuracy required .010 inch to .015 inch, 


The manufacturers made their own gatiges to assure these 
tolerances. 

It’ was ain invariable’ rule’to divide the ‘order for any one 
part between'‘at least’ two contractors or subcontractors so that 
the failure of any one manufacturer would only slightly delay 
production! A “production of 1000 -mities ‘per’ “day” was 
planried;'and’it was found after getting into ee _ 
this rate could easily be exceeded if desired. 

As an indication of the vast amount of.material hecliond 
in manufacturing 100,000 mines, it is, of ,interest,to,,note 
that the dead weight of the mine anchors alone,-exceeded 
40,000 tons, that over 19,000 miles of 7/16 inch wire,,rope 
were used for mooring the mines, that 30,000,000 pounds of 
TNT was used, and that the mine cases required approximate- 
ly 3,500,000 square feet (or 7800 tons) of steel.plate 44 inch | 
thick. 

Complete’ mines were ‘not’ available: for test until March, 
1918, and with the exception of a very few ‘mechanical’ faults 
which ‘were readily corrected, the mine and anchor functioned 
as designed—a remarkable tribute to the ‘small group of offi- 
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cers of ‘the Navy who designed the mine and planned and 
carried through its manufacture, and to the great number of 
men engaged in their manufacture. ; 

This mine ‘was designed especially for safety in handling. 
That this safety was attained is shown by the facts that 85,000 
of these mines were loaded and ‘shipped overseas and assembled 
and 57,000 of them planted in the barrage without a single 
accident to the thousands of) naval personnel handling: them. 

A vital reason for the method of manufacture adopted: was 
that only by°this ‘means could secrecy be! preserved regarding 
the characteristics of the mine.’ It is obvious that if 100 differ- 
ent parts are’ manufactured'in 100 different: factories that;are 
in ignorance of ‘the fact that they are manufacturing ‘mine 
material, no individual could obtain sufficient information to 
visualizethe complete mine and thereby disclose its ‘secret to 
the enemy. It was felt:that if the mines’ could be» manufac- 
tured: and planted before the enemy had discovered the secret 
of the novel ‘firing: mechanism the war ‘would ‘be won forthe 
Allies before ‘the could>develop ‘a sufficient: protection. against 
it!’ Consequently the vast’ majority of! factories! manu facturing 
the partsdid not know that they were intended for mines. 
The one'company manufacturing thefiring device ‘took: such 
precautions that only three officials of ‘the company! knew that 
the ‘electrical’ apparatus being: manufactured was intended’ for 
use ‘inva mine. |» This’ secrecy ‘was’ cartied still fatther! to’ the 
extent that even’at the points) whéte’‘taterial ‘was iassembled 
for shipment overseas,’ the ‘parts ‘were’ not assembled ‘ifito ‘the 
complete’ mine, ‘but’ were! shipped in’ groups! tothe overseas 
assembly bases: Excepting a few '‘mities “assembled! aboard 
ships of the! mitie force ‘for testing purposes, nb’ miifies were 
completely ‘assembled in this’ country, and in spite lof ‘thé’ ‘Ger-' 
rman ‘secret service anid many sympathizers in the United ‘States, 
the secret of ‘the new mine was kept from the’ enemy *until 
long after'the barrage was planted!” “Another ‘advantage’ of 
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shipping the mines disassembled was in conserving cargo space, 
as an assembled mine occupied approximately three times as 
much space as the parts of a disassembled mine. . Although 
this method of shipping disassembled required large assembly 
bases overseas, this complication was more than offset by the 
increased shipping capacity gained. 

The extreme severity of the winter of 1917-1918; the fuel 
shortage, the congestion of traffic, the railroad embargoes and 
labor troubles all operated to ‘delay production and. for weeks 
the situation was critical. It is estimated that these handicaps 
delayed the beginning of quantity production about six weeks - 
in spite of using every expedient such as motor truck transpor- 
tation, shipment of whole trainloads of material on passenger 
schédules, etc. 

As one item of the barrage project it became necessary to 
create a complete mine loading plant’ capable of receiving, 
loading and shipping 1000 mine cases per day, there being no 
plant in the United States capable of handling this amount of 
material. This plant was started in October, 1917, and com- 
pleted:in March, 1918. It covered an area of 3000: feet < 800 
feet and consisted of 22 buildings, including a’ mine. case 
storage building capable. of storing.5000 empty mine cases, 
a melting plant capable of melting.and pouring a minimum 
of 800,000 pounds of TNT per day, a‘cooling building capable 
of holding 1,000 loaded mine cases, a ready storage building 
with a capacity of 4,000,000 pounds of TNT. The entire 
plant was equipped with conveyors. and other labor saving 
facilities, The rated capacity of 1000. mines per day was 
exceeded by 50 per cent.on one occasion, and a total of more | 
than 73,000 mines, involving the:melting and handling of over 
22,000,000 pounds of TNT were loaded here without acci- 
dent. ~Loaded mine cases were shipped direct from this plant 
to the bases overseas. The personnel of the plant consisted 
of about 400 enlisted men of the Navy and. from 200 to 400 
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additional ‘enlisted ‘men’ were employed in loading the ‘mine 
cases ito the cargo vessels. Iri‘order to prevent! ‘any’ delay 
in shipment of loaded mine casés overseas ‘that’ might’ result 
from delay in completing this plant, an order was placed with 
the Dupont Company to load 17,000 mine cases with TNT 
at ‘its Wisconsin plant: These ‘were loaded ‘in February and 
March, 1918, delivered at the naval mine loading ‘plant; and 
irom there shipped ‘overseas. 

As‘ the minés were to’ be assembled at’ the overseas bases, 
it Was necessary to ‘maintain ati adequate supply ‘of ‘all the 
component parts at those bases, ‘requiring a steady ‘flow of 
parts from all factories’to the shipping point at Norfolk and 
thence overseas. Adequate’shipping facilities at Norfolk were 
secured by’ taking over the S:P/R.R: Pier, No. 4. ‘This piér 
was 875 feet <' 270 feet and was’ able to accommodate seven 
cargo vessels at a time. All miné material, except’ the loaded 
mine cases, was shipped from’ this point; ‘This pier was uséd 
for storage as wellas for shipping; it had capacity for 40,000 
mine anchors and other non-explosive parts. A force of 
about 400 enlisted men of the Navy was constantly empyee 
at this pier. 

In the iriception of the mine taining project, the Navy had 
secured from the Shipping Board 24 cargo vessels of the Lake 
class for exclusive use to carry mine material from Norfolk to 
the ‘overseas bases. » These''vessels were armed with: naval 
guns, manned by naval crews and handled by the Navy. They 
were of 3000 tons dead weight capacity, and a typical cargo 
foreach ship was made up of 2000 mines with anchors and 
fittings complete, 500 tons of miscellaneous naval. supplies, 
about 500 tons of fuel oil for naval vessels overseas, and about 
500 tons of extra bunker eal The sailings of these carriers 
averaged two ships every.7 or 8 days, half in Norfolk con- 
voys and half in Halifax. convoys, It took a ship in convoy 
about twenty days from loading point to discharging, point 
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and. from 65 to 70.days were required, for a round trip... Of 
the. 24. carriers only one,..the, Lake..Moor,. was lost,,sunk by 
an enemy submarine off the Irish coast,on.April 11, 1918, with 
the loss, of most, of, her, crew and about 1500 tons of mine 
material, ‘ 

When the United, States. entered the war, the mine force 
of. the. Navy, consisted of two.mine layers, the San Francisco 
and the Baltimore, with a combined carrying capacity of 350 
mines. . On. the basis. of an.estimated. output of 5000. mines 
per week and of one mine. laying operation per week, it was 
necessary to. expand the mine laying force to.a capacity of 
at least. 5000 mines, which, if. all: went well, would insure the 
completion of the northern. barrage in three months. | This 
expansion involved converting the requisite number of mer- 
chant ships and training officers and crews for them. 

Working in co-operation with the Shipping Board the Navy 
took over the following eight ships: 

Date Taken Converting Mine 
Old Name, New Name Over Yard Capacity 


El Dia Roanoke Nov. 16,1917. ‘Tietjen & Lang 850 
El Rio Housatonic Nov. 25,1917 Tietjen & Lang 850 
El Siglo Canandaigua ‘Nov.22,1917 Morse Shipyard 850 
El Cid Canonicus Noy. 24,1917 . Morse Shipyard 850 
Massachusetts Shawmut Nov. 6,1917 _ Boston Navy Yard 300 
Bunker Hill Aroostook Nov. 10,1917 Boston Navy Yard 300 
Jefferson Quinnebang Dec. 2,1917 Robbins Shipyard 600° 
Hamilton Saranac Dec. 6,1917  Shewan & Sons 600 


5200 
San Francisco and Baltimore / 350 


—_— 


5550 
The conversion of these eight ships was a work of consid- 
erable magnitude. It involved clearing the greater part of 
the second and third decks for carrying mines; adding water 
tight bulkheads; clearing away parts of upper deck structures ; 
providing quarters for additional officers; closing cargo ports; 
providing chutes for coaling when mines were aboard} cutting 


- 
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two or four ports in. the, stern for launching mines ;.installing 
mine.elevators ; repairing and strengthening decks ; building gun 
platforms, lookout stations, navigating.and signal. bridges; al- 
tering boat stowage,and davits for, carrying heavier boats; 
installing \davits, booms and winches on upper deck. for em- 
barking: mines; providing messing and berthing arrangements 
for a.crew/of about,400 men;)installing bakery and galley; 
building storerooms, magazines, fresh. water tanks, additional 
coal, bunkers, machine shop and elevator machinery. rooms; in- 
stalling fire system, magazine sprinkler system, steam heating 
system; speaking tubes and telephones for gun fire control and 
other communications; overhauling main machinery ;, replac- 
ing anchor engine and windlass with one of. more powerful 
type to handle the heavier anchors and chains; adding venti- 
lating blowers; doubling the electrical plant ; adding evaporator 
and distiller for fresh water, hydraulic machinery for.mine 
elevators and about ten winches on mine decks; installing ma- 
chine tools and providing a larger radio telegraph plant. 

The plan adopted for the mining installation of the new 
ships consisted.of two tracks on each side of the 2d or launch- 
ing deck, extending about three-fourths the length of that deck. 
On the deck below there were also four long. tracks and ad- 
ditional shorter stowage tracks, where they could be. fitted. 
Cross tracks and turntables connected all. tracks at points suf- 
ficiently distributed to insure against a breakdown at any point 
en one track cutting off mines beyond. Mines were trans- 
ferred from the lower‘deck to the launching deck, by elevators, 
which was a feature unique to the United States mine layers, 
as elevators had been abandoned as: impracticable. by other 
navies. The elevators were. of two types, electric and hydrau- 
lic, with automatic stopping and leveling devices, carried two 
mines and were designed to make a round trip in one, minute, 
including the time. of loading and unloading the car. This 
rate of speed was eventually doubled in actual practice during 





448 PRODUCTION OF MINES FOR NORTHERN MINE BARRAGE. 


mine laying. On four of the new mine layers theré was:room 
for only two mine launching ports aft and switches were in- 
stalled connecting the outer track and inner track on each side. 
On the other four new mine layers, there was room aft for 
four mine launching ports, one for each track. ‘The mines 
were hauled along the tracks “in fleets” of 30 to'40 mines 
by means of a wire rope led to’a winch until they reached 
the launching trap when the: wire rope was cast off and they 
were run into the trap by hand and released one at a time by 
a lever. 

In spite of the tremendous congestion in the shipyards these 
eight ships were converted, officers and ‘men assembled and 
trained, the ships had their trials to test out all machinery 
and devices and maneuvered together sufficiently so that they 
sailed as a squadron for the overseas bases at midnight May 
11, 1918. 

Two overseas assembly bases were established with a 
planned combined capacity of handling 3500 mines per week. 
These bases utilized the services of about 2500 officers and 
enlisted men of the Navy. The first draft of 200 men for 
these bases arrived in Liverpool November 27, 1917.’ The first 
supplies from the United States reached the bases January 
20, 1918. ‘The first mine carrier arrived with additional stores 
February 18, 1918, the first shipload of mining material ar- 
rived April’3, the second shipload April 5. ‘On March’? both 
bases had reached such’a state’ of completion that’ mines’ could 
have \been’ received ‘and’ assembly ‘work ’ started. "On ‘April 
1 the’ bases were ready in all respects.) ~ 

The work of assembling the mines was a highly organized 
process developed in accordance with the Standards of special- 
ized manufacturing efficiency.’ The various component parts 
flowed from the storehouses into the assembly sheds and to 
each group of men handling each individual part.’ The two 
principal parts were the loaded mine case and the anchor. The 
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anchors moved on tracks extending ‘across’ each bay of the 
assembly shed. Along these tracks were stationed groups of 
men, each group making some Special adjustment. By the 
time the anchor reached the end of the track, the mine case, 
which during the same time had received its attachments and 
been tested while moving on a traveling table, arrived at the 
same point; the mine case and the anchor were joined, a few 
final adjustments made and the mine was ready to be placed 
on board a mine layer for planting. ‘The completely assembled 
mines were either loaded on cars directly from the assembly 
sheds and run down to the wharves or they were rolled itito 
ready issue sheds directly opposite the assembly sheds. This 
system proved most efficient and produced results never before 
attained in the rapid handligg of mines. 

The rate of assembling and laying mines was originally 
planned at 3500 per week. The assembly and possible laying 
of mines greatly exceeded this rate and the rate originally fixed 
for shipping 3500 mines per week from the United’ States 
was increased to 6000 per week. ‘The rate of assembly at the 
two bases reached as high as 1340 per day. Similarly the 
operations of ‘refueling, taking on water and embarking mines 
atid’ supplies had been So systematized that only two’ days in 
port were necessary before’ the squadron was ready for ‘the 
next’ mine laying excursion. 

The sudden expansion ‘of the ‘mine force from’ 2 mineé 
layers'to'10 entailed a ‘proportionate expansion of ‘mitiing per- 
sonnel.’ ‘In ‘comparison’ with’ the projected‘ northerf ‘barrage 
operation, the United States Navy had ‘had very’ little’ experi- 
efice in mining, and ‘this experience was confined'to avery few 
officers‘and men; It was’partly for this reason that the Bureau 
of Ordnance designed the mine ‘in stch’a manner that’ it could 
be‘handled’ on’ board'ship practically‘as ‘fixed ammunition ” 
so'thata mitiimumi of experience and training of the 'ships’ 
crews wotlld ‘be ‘hecessary to ‘its stceessfal use: This" method 
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of delivering mines completely..assembled, ready, for, planting, 
to the mine layers was an entirely new departure in mine lay- 
ing practice. and was the. main reason why the mine. laying 
squadron was able to lay such an unprecedentedly large num- 
ber of mines, inthe northern barrage in such a short time, 

On. June.6, 1918, the United States mine laying squadron 
of ten ships left, the bases. fully. loaded with mines and on 
the first, excursion laid 3385. mines. The planting ;of; the 
northern barrage.was. begun. by the British “in March, 1918, 
and up to November 11, 1918, a total of 56,760 United States 
mines and 16,300 British mines had been laid. 

After the. first two United States excursions had been com- 
pleted; two..enemy.,submarines were damaged while crossing 
the mined area. As the mined area grew the damages to 
enemy ‘submarines increased; 'The.U-86 was destroyed. while 
homeward bound ; the U.B.-22 outward bound was never heard 
of after she reached the barrage; the U-113 outward bound 
was damaged and had to return to port; the U-92 was sunk 
and on the same day another submarine outward bound was 
damaged and had to return.to port; the U-156 was sunk; the 
U-123 was sunk, | It. is known beyond a doubt that 6, subma- 
rines were destroyed in the barrage and an equal number se- 
verely damaged, and the future. will’ show in all. probability 
that the northern barrage actually accounted for two or three 
times that number of enemy submarines. 

The moral effect of the northern barrage was tremendous. 
The German submarine officers and.crews dreaded. mines far 
more than any. other anti-submarine device. At the best, the 
submarines had but one chance in three of passing safely 
through the northern barrage, and the knowledge of the silent 
and unseen but.ever present menace of the mine barrage was 
a grim. spectre never absent from the minds of the subma- 
rine crews. The value of the-northern barrage from the actual 
losses inflicted and from the destruction of the morale of the 
submarine crews is incalculable. 
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The number of mines laid on each excursion varied from 
1596 to 5520. The record excursion for rapid laying being 
that of 7 September, 1918, when 5520 mines were laid in 
3 hours and 50 minutes. It is-interesting to note that in this 
3 hours and 50 minutes there were laid more mines than the 
entire supply possessed by the United States when we entered 
the war. pein 

As an example of what standardization and quantity pro- 
duction can accomplish in reducing costs, the following infor- 
mation will be of interest. 

Prior to the beginning of the war in 1914, the United States 
purchased abroad 1300 mines of two different types at an 
average unit cost of $667.00. 

In 1917 and 1918, in spite of the tremendous increased cost 
of labor and material over the 1914 costs, the increased cost 
due to overtime, Sunday and holiday work. and the great in- 
crease in the cost of transporting material, the United States 
obtained 100,000 mines at an average unit cost of $303.77. 
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THE WHITE STAR LINER MAJESTIC. 


In view of the general tendency. of. post-war shipbuilding, we imagine 
that several years will elapse before the claim made for the R. M. S. 
Majestic that she is the world’s largest and most luxurious. passenger. liner 
is seriously challenged. By the courtesy of the managers of the White 
Star Line,’ we were given an opportunity of ‘inspecting the vessel at’ South- 
ampton on Saturday last, and although this inspection was. necessarily of a 
somewhat cursory nature, it was fully sufficient to confirm all claims as to 
her appointments. The Majestic haS a length! over all of) 956: feet anda 
breadth of 100 feet, while the height from keel to boat-deck is, 102 feet; 
her gross tonnage is about 56,000 and her displacement 64,000 tons ‘when 
loaded to her marks.. There, are nine decks. in, all, of; which. five, are. steel 
decks extending for the whole length of the ship, while the remainder are 
steel-plated erection decks’ covering ‘not less than half the’ total length. In 
keeping with the main dimensions. of the vessel, the public rooms are. ex- 
ceptionally large and lofty, and the decorations and furniture, which we 
cannot describe in detail}: are generally elegant ‘and ‘comfortable. » The ‘ar- 
rangement of the rooms, it may be mentioned, has been materially facilitated 
by the fact that the boiler uptakes are each divided into two parts athwart- 
ships, the two parts being united above the boat deck level and connected 
with the funnel. The principal public rooms on the promenade deck are 
the lounge, palm court, restaurant and smoking room, but a drawing room, 
reading and writing room, card room, library, and. gymnasium are also 
provided. The dining saloon, the central portion of which has a maximum 
height of 31 feet, is two decks lower, the principal entrance being situated 
centrally. Passenger elevators are provided on each side of the entrance, 
and, in addition, there ate two main staircases—one on each side of the ship. 
A large swimming bath placed forward of the dining saloon forms another 
attractive feature of the accommodation. In all three classes, about 4,000 
passengers can be carried, 850 of the number being first-class; a number of 
more or less elaborate suites are provided for the latter in addition to the 
usual cabins and staterooms. The vessel is propelled by turbines of the 
Parsons’ type direct coupled to four propellers and developing a total of 
66,000 shaft horsepower when running at 180 revolutions per minute. The 
high pressure turbine drives the port inboard shaft, and exhausts into the 
intermediate pressure turbine driving the starboard inboard shaft. The 
exhaust from the intermediate pressure turbine is divided equally between 
the two low-pressure turbines, which drive the two wing shafts; one astern 
turbine is provided on each of the four shafts. Steam is supplied by 48 
water-tube boilers of the Yarrow-Normand type burning oil fuel on the 
White system and working at about 250 pounds per square inch; the total 
heating surface of all the boilers is about 220,000 square feet. It is ex- 
pected that a speed of 25 knots will be reached when the machinery is run- 
ning normally. The Majestic, it will be remembered, was built by Messrs. 
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Blohm and Voss, of Hamburg. for the Hamburg-Amerika Line, and was 
originally named the Bismarck, but before her completion she was handed 
over to the Reparations Commission and was acquired from them by her 
present. owners. .We. could wish, of course, that the world’s largest. vessel 
had been of British construction, but the fact that she now flies the British 
flag: is a source of considerable satisfaction.—“ Engineering,” May, 1922. 


THYSSEN-HOLZWARTH OIL AND GAS TURBINES. 


Extract FROM TREATISE: IN GERMAN BY Proressor. W. ScHULE, TRANS- 
LATED. For: Mororsuip” BY. Hans HotzwartH, THE INVENTOR OF 
Tus, Unigue InternaL-CoMsBustion. ENGINE. 


o 

The question has to be decided whether or not oil and gas turbines built 
up to the present time’ meet the conditions imposed by the operating functions 
and conditions of modern power work. Scientific considerations, historical 
comparisons and especially tests made by Professor W. Schule with the 
Holzwarth gas-turbine lead him to the conclusion that so far only the Holz- 
warth gas and oil turbine built by the Maschinenfabrik Thyssen of Mul- 
heim Ruhr answers these very difficult conditions—difficult in consideration 
of the high standing, reliability and efficiency of gas and oil piston-engines. 
Economically the Holzwarth gas-turbine has already equalled the steam- 
turbine, and the tests now under way shows a tendency to further increase 
economy towards that of the gas piston-engine, 

Thermodynamically the Holzwarth gas-turbine is superior to the. gas 
piston-engine and the combustion turbine of Armengand Lemale in all 
degrees of compression. At low compression none of the other processes— 
it is claimed—can compete with the Holzwarth process. Figure 1 clearly 


Fig. 1 - 


indicates this. A thermodynamic efficiency of 45 per cent is attained with 
the Holzwarth process at a.compression ratio of 3, with the combustion 
turbine at a compression ratio of 10, and with the piston engine at a ratio 
of 12, In the explosion and combustion turbines air and gas are com- 
pressed in a separate auxiliary compression apparatus, while the piston- 
engine also operates as a compressor. 
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Therefore the efficiency of compression will be greater with the piston- 
engine than with the turbines, and it is very important to' ‘perform this 
compression work in turbines at lower stages than’ in piston-éngines, ‘as 
does the Holzwarth turbine. In all combustion-engines the temperature’ at 
the beginning of the expansion process is about 1,500-1,700 ‘centigrade and 
at the end about 1,000 centigrade. The expansion process is the working 
process. 

Consequently all the working ‘parts have to deal with these temperatures, 
and the way to withstand these temperatures is utilization of the piston- 
engine design, the ‘same as in the Holzwarth design.’ The time during 
which’ these high temperatures prevail, must be very short and following it 
must come a period of low temperature. The rhythmical change between 
high and low temperatures makes the explosion-turbine off Holzwarth just 
as safe as the piston-engine. Absence of this rhythmical changé makes a 
combustion-turbine impossible. ; 

-Any step to cool these high working-temperatures by mixing steam with 
the combustion gases is wrong thermodynamitally as well as from a ‘prac- 
tical aspect. 2 

While the steam-turbine requirés many stages, according to the drop of 
steam pressure from 190 pounds per square-inch to 28% inches—a ratio of 
about 260, the explosion turbine only requires one stage for its drop of 
pressure from 230 pounds to atmosphere—a ratio of 16. But. in the steam- 
turbines the jet works uniformly, while on éxplosion turbines it works like 
a shot with decreasing jet-velocity. Fortunately, this does not matter much 
as shown by Figs. 2 and 3, In Fig. 2. B. H.C. represents the p.v. diagram 








of the’ Holzwarth-turbine working with a compression of 2,2. atmos- 
pheres and an explosion pressure of 17.3 atmospheres absolute, While 
the presstire decreases during the expansion from 17.3 atmospheres absolute 
to 7:3 atmospherés absolute the part of the energy marked with vertical 
lines has been transformed into kinetic energy and only the small balance 
below M.N. is left. Es 
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Fig. 3 shows that the jet-yelocity décféases Slowly until about 90 per cent 
of the total energy is transformed, into ‘kinetic energy. Only during the 
last-10 per cent, which is not of ‘much.importance,.the decreasing of the 
jet-velocity takes Place at a quicker ratio. Therefore;-the turbine efficiency 
of the one stage is not much lower than that of a similar steam- turbine 
wheel. The shocks which the  runningsvanes ‘have to stand in the Holz- 
warth turbine are, of course, much greater than withsteam-turbines. But 
they. easily stand these shocks, due to ‘construction and material. 

Fig. 6 shows the method of securing the vanes to the repning) wheel. The 
material is soft-iron with no nickel or. aeons addition. 


Brechhih be 
Fig. 3, 


Fig. 5 shows the section through a gas-turbine of 1,500 horsepower. 
A model of this size gas-turbine in 1/10 scale, partly cut to show valves, 
explosion. chamber, a ny was exhibited by Maschinenfabrik 
Thyssen at the Electro ibition in Essen, June, 1920. It attracted con- 
siderable attention. 

Fig. 7 shows, the 1,500 bialie: horsepower cil-turbine on.the test-bed in the 
plant of the ‘Mas . Thyssen. It was intended ‘to exhibit the 
same instead of re iti the exhibition building was hot-suitable. 
During the tests Schiile dis¢overed “that with” all 6. chambers~®& the oil- 
turbine in operation, there was \afaverage temperature in“ hé™ explosion 
chambers of. 470-550: Cent: and a-temperatute of 430-470 Cent’ in the tur- 
bine wheel housing.~ Only 9 per cent of the total heat*was transmitted into 
the cooling-water a the explosionchambers. (In Diesel-engines 
up to 50-per tent is lost_in the ‘cooling- -water.) This is due to the very 
short duration of,.expansion, (lesg-than 1/10 seconds) and means that prac- 
tically all the “not ttansformed into energy at the shaft remains in the 

t-gas and scavenging-air leaving the oil-turbine at about 
lyery essential to make further use of this exhaust heat by 
producing steam, and driving the little steam-turbine blower. 
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Fic. 6—MeEtHop oF SECURING THE VANES TO THE RUNNING-WHEEL. 














Fic. 8.—THE 500 3.H.p. THyssEN-HotzwartH O1r TurBinE, WHIcH May 
Be THE Power OF THE FuTURE FoR MERCHANT SHIPS. 








Fic. 9.—T HE 1,000 HorsEpowER TuyssEN-HotzwartH Gas TurRBINE. 
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With. the: vertical 1,000-horsepower: Thyssen: experimental gas-turbine 
Schiile has already made several tests, and is still carrying on experiments. 
He reports that he found. the, machine in;an absolutely safe working con- 
dition, and that he could carry through his tests without any trouble. With 
a compression of 2,2 atmospheres absolute. he found with a wheel. having 
but ‘one set of vanes. an efficiency of 25. per cent when developing 1,200 
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Fig. 7.—Section of the Thyssen-Holzwarth 1500 b.h.p. oil, turbine 


horsepower, . Further tests: ‘show a- tendency ofan increasing effective 
efficiency .and Schitle concludes ‘with the remark: that: the time: will soon 
come when the effective efficiency of the Holzwarth :gas-turbine; will have 
reached a position halfway between the steam-turbine and the gas’ piston- 
engine. In developing the ‘Holzwarth turbine to a practical engine of the 
highest economy. ‘the Maschinenfabrik Thyssen: will produce a’ new and 
powerful, unit- for world: economy of energy.—“ Motorship,”: May, 1922. 





LARGEST. MARINE DIESEL ENGINE. 


Under construction at the works of Sulzer-Freres, Winterthur, Switzer- 
land, is a marine-type Diesel engine of 3,500 shaft horsepower in six cylin- 
ders. This engine onan completed will hold for a short time the record 
for power, although several larger engines are being completed elsewhere, 
in addition to the three naval. engines of 4,000 shaft horsepower at. the 
same plant, Sulzers have, also built two 4, 000. brake horsepower stationary 
Diesel engines. 

In the 3,500 brake porsepowes Sulzer engine the crankshaft has a. total 
length of 53. feet 14 inch, ‘is in four.parts coupled together, Each of 
the two middle séctions three cranks of 23.3 inches radius, set at an 
angle of 60 degrees. to each other. 

Sulzer Brothers have opted ft, system - of scavenging by air from 
turbo blowers, driven independent! of the main engines by electric. motors. 
While at sea, this means that an deol engine must be run to, supply 
electric current, but it frees the main engines entirely from the. work: of 
driving the scayenging pumps, thus i ing the horsepower. actually. de- 
— to = shaft. ste e main crat haf z also shorter; than it would 

’ otherwise be, as no cranks are. necessary for venging and the 
space required for the engines is thereby much teduiced. _— 

Both these points are of great advantage in the case of the larger marine 
*engines which will be required in the near future as the motorship becomes 
more and more generally adopted.“The Steamship,” May, 1992. 
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DIESEL MACHINERY FOR SINGLE-SCREW MOTOR SHIPS.* 
‘By James RICHARDSON. 


Notwithstanding the vast increase in the number of ships fitted with 
internal combustion engines, single-screw motor ships of 2,000 tons dead- 
weight and over have hitherto been exceptional. Increasing confidence in 
the Diesel engine as a reliable. and satisfactory prime mover for marine 
propulsion, and the desite to take advantage of its economies in classes of 
vessels of low power, where single-screw arrangement is almost the only 
one permissible, have recently ‘brought this subject~into prominence. In 
discussing the general. problems involved in: the. application of a single 
racy in ships of this size it may A helpful to give at the” aa details of 
sucha vessel. 


TABLE 1.—M. $. “PINZON. "PARTICULARS, OF” SHIP aie MACHINERY, —DESCRIP- 
’ SION. 


Ship—Displacement = 3,300 tons. 

Length = 240 feet, breadth = 38 feet, depth = 18 feet, 

Winches—Six fitted, each 16 horsepower. 

Windlass.—One fitted, 50 horsepower. 

Main Engine: —Beardmote-Tosi 'four-cycle, sinttencibiie six-cylinder, 620 
mm.) (243% in:):'bore;975 mm. (38% in.) stroke, 1,250 brake horse- 
power: at 120 revolutions‘ per minute.: 

Main: Injection Air Compressors —T wo» three-stage:::| Swept “volume > per 
revolution one: ‘compressor = 2: ‘cubic: féet. 

Swept volume per revolution: two compressors == 4 cubic: feet. 
Ausiliary, Cémpressor+—Three-stage; Capacity first: speed — 88: cubic feet 
per minute free air. 

Capacity full speed =.176 cubic feet per minute free air. 
Emergency Compressor.—Swept volume = 12 cubic’ feet per minute free air. 
Ss tarting Air, Receivers.—Three at .70. cubic feet each = 210. cubic feet. 

Maximum working pressure 500 pounds per square inch, 
Main Engine Blast Bottle—One working, one “spare fitted. 

Capacity of one bottle —5 cubic feet. 

Maximum working pressure 1,000 pounds per square itich. 

Auxiliary Generators —Two fitted, each 50 kilowatts, Diesel driven. 

Engines of trunk piston type, two-cylinder, four-cycle, us brake ‘horse- 
power, 250 revolutions per minute. 

Compressors (Auxiliary Generators). —For, one _ enetator ‘engine, “swept 
volume of compressor. at 250 revolutions per tite = = 41.2 cubic feet 
per minute free air,” 

Two generator engine, swept volume of comprésor at 250. reyolutions 
per minute = 82.4 cubic feet per minute free air. — 

Starting Bottle (Auxiliary: Generators) —Two. per engine, yids 3.54 
cubic feet each. 

‘Maximum pressure 1,000 pounds per square inch. 
Blast ee a Ganerators) One per Te oth capacity =1 cubic 
foot 
Maximum pressure 1,000 pounds per square inch. 
Propeller—Diameter = 12 feet 6 inches, pitch = 11 feet. 





* Institution of Naval Architects. Abstract. 
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Table I gives the leading characteristics of the machinery and equipment 
of the single-screw motor iship Pinzon, built and engined by William Beard- 
more and Co., Limited, of Dalmuir.* Alllsdeck and engine-room auxiliaries 
are electrically driven. No boiler.is fitted: The total consumption of fuel 
oil for all purposes in this ship at 9; 10, and 11 knots at sea, fully laden, in 
reasonably good weather, is 3, 4, and 5.2 toms per day, respectively, as given 
in Table II. The results of the machinery trials are shown by the curves 
in Fig. 2, and the main engifie indicator diagrams are reproduced in Fig. 1. 


TABLE IL.—M, S. “PINZON.”-——-RESULYS OF SEA TRIALS.—FUEL CONSUMPTION PER 
DAY (IN TONS) FOR ALL PURPOSES. 


Speed of ship (fully laden) ,*knots...... ae at Be 9 10 ill 
Revolutions per minute (main engines).\............. 95 105 115 
Fuel consumption, all purposes (tons per day) eS Se 3 4 65.2 


In connection with the diagtams, attention may be directed to two points. 
First, the very flat fuel consumption curve which lies below 0.5 pound per 
brake horsepower per hour for the main engines, for speeds from a maxi- 
mum of 125 revolutions per minute to”81 revolutions per minute, i. ¢., from 
over 1,400 brake horsepower to 420 brake horsepower. Secondly, an in- 
spection of all the indicator cards shows from the toe of the diagram the 
very rapid release of the exhatist gases. The pressure drops to atmospheric 
almost before the bottom dead center is passed. This result is due to the 
large valve areas possible with the well-known Tosi arrangement of com- 
bined inlet and exhaust valves with the director valve controlling the ex- 
haust gases and induction air.. A further feature of this system is the ex- 
tremely low exhaust temperaturés,. which never exceed 560. degrees F., 
although measured in the stream of thé gases in the cylinder head. 

Broadly stated, above 7,000-tons- deadweight and.11-knots speed there is a 
good case for the retention of the standard twin-screw arrangement of oil 
engines because of the lower total cost, the reduced weight of machinery, 
the shorter length of: engine-room, which compensates for the cargo space 
taken up by the extra shaft tunnel, and the reduced | risks of breakdown. 
The personnel, however, is increased. 

Turning in detail t6 the problems inherent to single-screw Diesel machin- 
ery, it may be said first that the dictates of reliability | and the limited man 
' power available on board demand that certain. operations shall be made pos- 

sible and certain conditions fulfilled. * 

(1). The crank shaft shall be capable of being removed and replaced with 
the minimum dismantling of the main engine parts. As an alternative, the 
after length of the érank shaft, beifig the more liable to breakdown, shall 
be so accessible that. it can be-readily removed and replaced. 

(2) That part of the fuel injection air service common to all the main 
engine cylinders showld be ih ‘duplicate, including the ‘blast bottle, so that 
failure of any pipe, joint, valve or. chest, &c,, shall not necessitate, at most, 
more than a momentary stoppage. © 

(3) Arrangements must be “made so that all the valves in the cylinder 
head can be rotated on their seats by hand, _. 

(4) All the main parts, including pistons, must be completely accessible, 

(5) The failure of any one or two fuel pumps, supplying fuel under 
pressure to the main cylinders, must not necessitate a stoppage. 


*See “ The Engineer,” February 10th, 1922. 
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(6) The subject of main engine flexibility, the maneuvering gear, valve 
setting, and the proportioning of the flywheel, and’ the whole question of 
starting or maneuvering air supply must have greater attention than in’ the 
case of a twin-engined vessel. 

(7) The engine shall be capable of being readily maneuvered ‘by one 
operator. 

hs with steam installations, so with motor machinery; the subject of the 
auxiliaries, both deck and engine-room, is only now receiving the ‘attention 
demanded by its vital importance. With motor ships the rival claims of ‘an 
electric or steam drive still form, and are likely to’ continue to prove, de- 
batable ground: The alternative of an electric engine-room and steam- 
driven deck machinery is possib!s and may commend itself in certain cases. 
In Table III is given a comparison of the consumption of’ fuel’ in’ similar 
vessels, one a steamer and the other a motor’ ship, on the same trade: The 
total consumption of ‘coal is’ five times that of oil ‘(by weight) in the latter 
taken over a whole voyage, and is achieved by the utilization of all electric 
machinery for deck and engine-room auxiliaries, deriving current from 
Diesel-driven auxiliaries. ‘With steam auxiliaries on the motor’ ‘ship,’ on this 


trade, the fuel consumption would only be one-third (not one-fifth) that of 
the steamship. 


TABLE IIL—M.'S. “PINZON” AND: SIMILAR STEAMSHIP.—COMPARISON OF FUEL 
CONSUMPTIONS AT SEA AND IN PORT. 


Steamship. 
Triple-expansion engines, single screw. 
Ship, 270 feet by 38. feet by 18 feet; draught, 17 feet 5 inches. 
Voyage, London to Spanish port. 
Indicated horsepower, 1,073, 
Revolutions per minute, 75.8. 
Speed of vessel, 9.35 knots. 
Coal used per day for all purposes, 17.42 tons. 
Coal used by auxiliaries per day, 2.5 tons. 
Coal used in port per day, discharging and loading, 3 tons. 


Banked fires, used per day, sixteen days on average voyage, 1 ton. 
Motor Ship Pinzon. 


Diesel engines, single screw. 

Ship, 240 feet by 38 feet by 18 feet; draught, 17 feet 6 inches, 
Voyage, Glasgow to Spanish ports. 

Diesel indicated horsepower, 1,290. 

Equivalent steam indicated horsepower, 1,170, 

Revolutions per minute, 106. 

Speed of vessel, 10.2 knots. 

Oil used per day for all purposes, 4.5 tons. 

Oil used by auxiliaries per day, 0.2 ton. 

Oil used in port per day, discharging and loading, 0.37 ton, 


Table III emphasizes clearly the importance in a steamer of the fuel con- 
sumption attributable to the auxiliaries generally, and in such conditions as 
in a coasting trade, in particular, the fuel consumption of the deck ma- 
chinery. Whereas at sea the ratio of coal ‘to oil for all porncnes is 4 to 1, 
in port this ratio is over 10 to 1 if fires are “banked.” A smal] oil-fired 
boiler is generally required for the, heating of the accommodation and ‘of 
the oil fuel, although the former, can be carried out by. electric radiators 
and if only a small quantity of oif is carried exhaust’ gases can be utilize 
for heating it. There is probability of the general adoption in future of a 
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reasonable. utilization of, waste heat with Diesel, marine installations, whereby 
oil fuel.and accommodation heating;can: be carried out, entirely. by the main 
engine exhausts,,.when, at. sea,and partially, at any rate, by the auxiliary 
exhausts when in port. The subdivision of the, requisite total Diesel electric 
generator, capacity, and the desirable margin to be legislated for isan inter- 
esting point.. Sometimes two generator engines and in a number of twin- 
screw,, ships four have been.fitted,.The actual electric.loads.on the M. 
Pinzon, under various. conditions have. been tabulated and. the load in kilo- 
watts on. the auxiliary Diesel generators may. be, summarized. as follows ;-- 
Normal sea, load.: maximum, : 59,85;,. minimum, ; 23.2; maneuvering load : 
maximum, 151.25; minimum, 46.85; -port load ; maximum, 72.2; -mini- 
mum, 22.6... In general, three sets, are. preferred, one. to be. in, action 
normally at.sea and in, port.and two when, maneuvering or working cargo 
fully, one serving as a stand-by... Three.such sets of 50 kilowatts each meet 
the. case shown. in the, table, and only rarely. does the minimum load : fall 
substantially below .half the power of one unit, a, proportion desirable for 
good working conditions with such machines. 

The maneuvering load. is. the ;highest, even when it may be arranged that 
the. auxiliary, compressor. is, slowed down if, and ;when. the windlass load 
comes on, and that the radiators may be cut out if necessary. The maneu- 
vering load comes within the capacity of two generators. The greatest 
individualload ‘is the auxiliary compressor’ required to ‘make up’ starting: ar. 
This machine is of sufficient capacity to supply the’main engine with injec- 
tion air at full power in emergency, should both the main engine-driven in- 
jection compressors be out of action. 

The conservation and replenishment of starting air is a subject of vital 
importance with internal combustion ‘machinery, as the ability to maneuver 
the ship is lost if a sufficient quantity and pressure of air. is not always 
available to start the main engine. Apart from the subject of conservation, 
reasonably rapid replenishment must be arranged for, as it is possible for 
a large quantity of air to be lost, as, for instance : — 

(4) If the exhaust valve of the cylinder into which starting air is being 
admitted should be hung open ;, 

(ii) If one or more starting air valves in the cylinder head hang open; 

(i) Or if the engine maneuvering gear should jamb in the six or three 
cylinders on air position and other means not be immediately adopted to 
shut off the air. 

As an example of the demand made upon the starting air storage capa- 
city, two extracts from the log of the M. S, Pinzon is. given (Table IV) 
when entering Dalmuir Basin... There is one characteristic of these extracts 
and similar entries in the log to which reference might be made, and that is 
the prevalence of the repetition of the motif, “slow ahead, stop, slow ahead, 
stop,” having the effect of propelling the ship by repeated thrusts rather than 
by a sustained effort. It might be suggested that the minimum sustained 
power possible with the main Diesel engine is excessive. This is not so. 
The engine has been run for considerable periods at 24 revolutions per 
minute corresponding to a maximum speed, through the: water, of 2.5, knots, 
when full way has been obtained, and a.piston’ speed of 150 feet per, minute, 
giving a ratio of maximum to minimum piston, speed, or speed of revolution 
of 122.5/24 or 5,2 to 1.. It is difficult to, foresee any. substantial improye- 

ment upon this result, since regular firing.of the very minute charges of oil 
Fuel can hardly be expected.at a lower piston: speed without. some substan- 
tial increase in complication, as would. be, involved, for instance, by. pre- 
heating the induction air, This Pay and exceptionally low Apert, of 
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TABLE. Iy.+M,. S,.,“" PINZON.” -—COPY OF.LOG OF ENGINE TELEGRAPH, ORDERS, CAR- 
RIED! OUT, ON» JANUARY 13TH,, 1922, ENTERING DALMUIR BASIN. 


rez97 Pod) pam p. m. 
Half balatad awisiniay od dies SRniticStom i. oldssiaw- tenn xia hea 6.05. 
Slow ahead................ 4,59 Slow ahead... oo. .ci. cece 6.1 
Fal aG06 oe issn sos conc cae SE Giada + coursiawe aman’ se 6.2 
Slow ahead. ssp. se202505 5.12 Slow ahead.............+.. 6.4 
Sop ester t-t2 ts dade fe oles 5.14 Be er ree cones oc “6.4.5 
Slow ahead. iss... 20.200. > 5.15 Slow. ahead...... 6. es .eeees 6.5 
Half ahead: .:2-...5.....2.. 5.26 pS oN tae as Sed ls RS a BO 6.5.1 
Slow aheadvivii7 0... 5.26.5. Slow astern...........- reese 6.5.5 
Half ahead... ............. 5.37 Full astern.........+... +++ 6.6 
Slow ahead... .7..0..00.0.. 5.40 Slow astern...........- a... 6.6.5 
Stop oo Fob. Fe fe ale staaiectnc‘a e's s 5.46 SOD. Si leaden Sede ghecs oh 6.7 
Slow ahead. ie.er. eee. e. 5.47 Slow ahead.....:.. 0.05.04: 6.7.1 
Stop: < vpcecsaanenad neuen Oe 5.48 Slow astern. .i.....0..00 005 6.7.2 
Full astern........20%..... 5.48.5 Full. astern................ 6.7.5 
Slow astern... ..< aril bes 5.50 Slow astern........ Ds 9 My 6.7.5, 
Ahead slow..<%..50.....:.. 5.51 ROB . 0-5 tt 03s 0 sien Leeia sib 6.7.6 
Full astern. ............... 5.51.5 Slow ahead................ 6.7.7 
Slow astern................ 5.52 "SL a a A es RCA Ft 2 6.8 
Stop: js socteceaiiesthae chiens om 5.52.5 Slow astern.............05. 6.8.5 
Pal) "ARtert ss .cgmrcsisd cians: s 5.53 MOR thr ivecsts steers 6.8.6 
Slow astetn.. 00.2. 5.53.1 Half astern..............4% 6.9 
SE eas din cc cos tues Ka es 5.53.5 Slow astern...............- 6.9.1 
Astern slow......0..00e5505 5.54 pS Se aia Sy ap ah He tis a 6.9.2 
RS Sa ae A wae Saat ATE 5.54.5 Slow ahead................ 6.9.5 
Astern slow.............0:- 5.55 TON dah dv sls che shied datas bs 6.10 
ae Ee A oe eer 5.55.5 Slow ahead..............3. 6.12 
Slow ahead.........0...... 5.56 St HOP 6. ceive esses eseseres 6.12.5 
SHON oh ck kui an< den daviok« ode 5.59 Finished with engines....... 6.15 
Slow astern................ 6.0 


piston of 150 feet per minute is attained by correct combustion-producing 
means and by the fitting of a fly-wheel with suitable momentum effect. 

As is now’ fecognized: by Lloyd’s Register, ‘the: fitting of a fully propor- 
tioned fly-wheel isolates the thrust, intermediate and propeller shafts from 
the variation of engine turning moment. The crank shaft is also equally 
protected , from:, shocks, | which ‘might,.otherwise be,.transmitted from) the 
propeller, , Such a. fly-wheel has.no deleterious effects when starting up or 
reversing. Momentum is first given by.an elastic medium—compressed air— 
and. during. a, sudden reversal which can, be, carried. out. in less .than:. ten 
seconds, with: full, way onthe ship, the starting air.on being admitted astern; 
if the. engine compression has, not already, brought .the engine to: a. stop; 
gently pulls the engine up and gives the initial impulses. in the: opposite 
direction. 

The two, diagrams reproduced i in the right hand top corner of Fig. 2. show 
clearly, the, only. remaining justification, with, modern, Diesel engines, for, the 
charge!-of Jack. of. flexibility... When, starting, up, especially. with.a,view. to 
doing..so on,the. minimum. expenditure. of compressed air, :fuel. injection, is 
commenced early, and the engine accelerates to “half speed” before, retard- 
ing to.“ slow.”,',The.total, amount of, impulse. given to, the. ship.is, therefore, 
approximately, twice. the. ideal... The, reconciliation, ; therefore, of. the: two 
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somewhat conflicting aims of minimum compressed air used and minimum 
speed of revolution during starting, without undue complication of the 
maneuvering gear, is worthy of close study. 

It will be found with every type of engine that there is a pressure of 


compressed air most suitable for starting with the minimum. expenditure 
of air storage energy. 
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The bottom right hand curve given in Fig. 2 shows that with pressure 
between 250 pounds’ and 350 pounds per square inch the loss of air is a min- 
imum. Whatever the storage pressure—500 poutids per square inch with the 
Pinzon—a reducing valve to ensure that the pressure hor ve ie side of 
the air supply is not greater ‘than 350 pounds’ per he. or other 
means such as working on’one of a number of reservoirs, ‘will facilitate the 
conservation of air: 

To consider the replenishment of the storage, Appendix I gives ‘data 
obtained. Making the assumption that one start per minute will be the max- 
imum required) over. any appreciable length of time, and’ as ‘the’ receivers 
fitted have a capacity of forty starts’ without re-charging—which will 
cover any exceptional number of starts ‘called for during a short period— 
it is shown, and has beén proved ‘in practice,’ that :—-(1): Neglecting’ the 
excess injection air from the main engine, athounting to 2 cubic feet of free 
air pet revolution ‘of the miaitengine, there is available air storage and 
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means for replenishment capable of sustaining one maneuver per minute 
continuously. (2) If the main engine makes '75 ‘revolutions each move, its 
excess injection air on being tapped off to the ‘starting bottles will restore 
what has been taken for the start. 

Analyzing a number of logs of “ stand-bys,” it is’ found that the average 
of one maneuver per minute is not exceeded.’ The average “move,” how- 
ever, is of much less than seventy-five revolutions, so that actual conditions 
are hs combination of (1) and (2) above, but condition (1) must be satisfied 
in order':— 

(a) To give a stand-by in case of breakdown, with the main engine in- 
jection compressors. 

(b) To cope with the demands for air for starting during a shark spell 
of maneuvering, calling for more than one move per minute, if air has been 
lost for any ‘reason: 

(c) To supply starting air when the main engine injection compressor 
is either out of action or is working inefficiently and giving no;.excess air 
to the starting receivers. 

The starting: and» reversing of. an engine operating on the four-cycle 
principle have: been brought to the simplest terms, consistent with operation 
from the usual starting platform. Whatever may :be'. permissible with a 
twin-screw ship, it is considered essential with .a: single-screw. installation 
that the controls should be on the engine-room. floor: level; and the major 
portion of the gear serves to bring the controls to. the usual location. |. Sin- 
gle-screw Diesel machinery for the average cargo catrier will -be.much de- 
veloped in the near future, and the lines of design which will be followed 
will tend: decreasingly to: demand a compromise between. the : best’ propeller 
and<a’ smaller! and more compact: engine, especially,with: the larger ships: 
Speeds’ of revolution will become standardized: as with the steam: engine; and 
longer’ ‘stroke: engines will be ‘built: The: ‘weight, :of,machinery,, the space 
occupied:and the cost will be greater, which: will be more than compensated 
for by the extra accessibility, a ‘built-up crank shaft and a ‘considerably 
better average propeller performance: 


APPENDIX, 


M. S.. Pinzon—Data_ Relating to Compressed Air—Time to Start from 
Conditionally “ No Air im Ships’ 


(a) When running the emergency compressor of 12 cubic feet per minute 
swept volume. 
Time to fill one blast bottle and ‘one ‘Starting bottle for auxiliary gen- 
erator engine to 
800 pounds’ per square inch = 26 minutes 50 seconds. 
1,000 pounds per square inch = 85 ‘minutes 30 seconds. 
(b) When running the auxiliary compressor. , 
Time to fill one ‘starting air reservoir to’ 500 pounds per square 
inch'= 19.5 minutes. 
Additional time to top up one blast bottle from 500 omg to 1,000 
pounds per square inch =2:5 minutes. 
(c) ‘Air available when manetivering ‘main engine. 
Air from'one main engine-driven compressor—the other being’ sufficient 
for blast! supply = 2 cubic’ feet per revohition: 
Excess ‘air “from atixiliary engines (estimated at’ one-third “of air 
made) = 27.5 cubic feet per minute: 
From auxiliary compressor = 176 cubic feet. 





| 
\ 
4 
i 
i 














pera 





i 


466 NOTES. 


(d). Assuming no air is taken, from main, compressors, we have 174 cubic 
feet free air. per, minute available... This. is equivalent | to approximately 7 
cubic feet air at 350 pounds square inch per. minute. The main engine 
uses from 5 to 7 cubic feet of ai ir at 350 pounds per, square inch per start or 
reversal, so that there is, sufficient; air, available to allow, of one. maneuver 
per. minute, continuously, neglecting any surplus air made by. main engine, 

(e)},70-75. revolutions. of .main. engine supply. air for each maneuver (one 
compressor used. wholly for blast), so, that if the main engine is allowed to. 
make 75 revolutions for every ph Adc the starting air can be maintained 
by: the main; engine without. using any, auxiliary supply—‘ The er 
April, 1922. ‘ 


—_—_——— 


SURPLUS ELECTRICAL ENERGY FOR STEAM PRODUCTION. 


Continental’ engineers ‘have ‘given considerable attention to the problem. of 
the electric steam boiler, both as a steam producer for: industrial: process 
work and as a means whereby ‘surplus: electrical: energy: may: be: economi- 
cally used. In our issue of ‘October 14th» we described in detail.a boiler of 
French design, used ‘in connection’ with. the‘ paper-making industry. .We 
give’in what follows: some particulars of another large boiler which was 
recently described in the»German: ‘Technical’ Press. 

Made’ by the Warme-Akkumulatoren-Gesellschaft, of Berlin, this boiler 


‘was ‘specially designed to utilizesurplus current ‘during ‘the night and at 


other light-load periods, the steam generated being supplied to:a battery of 
cellulose digesters ata pressure'‘of ‘from 49-50 pounds per square inch. The 
boiler illustrated’ in’! Pigy 1:is°0f> 6,000: kilowatts capacity, and was designed 
to''work with three-phase current ’at'a pressure of 6,000 volts. Such a 
boiler may be attached to am already existing battery of coal: or’ oil-fired 
boilers, ‘its :purpose ‘being to’ utilize automatically ‘any surplus energy: that 
may. be available in the network fromwhich the electrical supply is taken: 
Thus, if supply is’ drawn from a power station with a combined: power and 
lighting load, the boiler will take up automatically the difference in load 
between the sum of the lighting and power loads and the full-load capacity 
of the plant. This is made possible by altering the level of the water in 
the boiler within very small! limits to suit any change in load. With this 
method of regulation. all moving parts inside the boiler are avoided and the 
complete control.arrangements, as shown, are mounted on the outside. 

With the type of electrode used in the French boiler; similar.,to. that 
shown in: Fig, 2, regulation, is only possible: to, suit the load on the boiler, 
and does not take into account the surplus energy available.... The .disadvan- 
tages of this type of electrode are-that, particularly. with small boilers, there 
being no feed control, phase, disturbances are likely to, be caused, which may 
cause flickering in the lamps on. the adjoining lighting circuits. .Eddies also 
are. frequently. set up.round the electrodes, which :in such case are often 
rsd laid bare and then quickly covered with. water; causing ‘unequal 

ing, 

Quartz insulation has ‘been tried for -these. electrodes, .but it. has been 
found that in spite of its very, low.expansion coefficient and: its poecaresitty to to 
temperature changes, it does not answer well. It.is much more. brittle than 
porcelain, and is quickly; corroded by, boiler water..In the boiler described 
the type of ;electrode used.is, not influenced by the specific conductivity of 
the water within wide limits, and wh kinds of water, wears chemically 
purified water, may be used.,.° - 
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FIG. 2--PFRENCH BOILER AND ELECTRODES 


As will be'seen from the drawing given above, the boiler may be built in 
the horizontal form, which has the advantage of a larger surface for steam 
raising. The boiler is so arranged that when steaming, either full-load cur- 
rent or overload current may be used—‘ The Engineer,” April 21, 1922. 


MECHANICAL GEARING AND ELECTRICAL. TRANSMISSION. 


In a brief article which appeared in our columns recently, a few leading 
reasons were given as to why, contrary to suggestions which had previously 
appeared, it was improbable that turbo-electric propulsion. would be adopted 
for the new British battle-cruisers. There would have been no necessity for 
calling attention’ to the accuracy of the views expressed therein, as evi- 
denced by the fact that these ships are now to be fitted, with mechanical 
gearing, were it not for the fact that an electrical contemporary has since 
attacked both the statements we put forward, and, in general, the attitude 
of those who, with all the essential facts regarding both systems before 
them, adhere to the use of mechanical gearing. The apathy towards new 
developments of which they are accused in one line is magnified into a cam- 
paign against electrical propulsion in the next, bit whereas we refrained 
from criticisms of detail, confining the argument tothe main comparative 
features of weight, complication and economy over the full range of power, 
which are perhaps the principal factors on which marine engineers must 
necessarily base their choice of warship machinery, it“is our contemporary 
which describes the American system of control—a feature of vital im- 
portance in electric systems—as heavy, elaborate and.not up to date, and 
which objects “to the American ships being’considefed the last thing in 
electric propulsion.” They are, from the New Mexico to the Lexington 
class, as we may remind the writer, the only examples of the electrical pro- 
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pulsion of warships, and it is’ consequently only in “these remarkable ves- 
sels’—to use. our,own phrase—that. the. real problems of. electric propul- 
sion have been, encountered in all their diversity and magnitude, for elec- 
trical. propulsion in:a very limited number of small Scandinavian: vessels, 
the performance of. which is well known in Baltic circles, is on a trivial 
scale compared with the United States developments. But lest our con- 
temporary should still consider that the case of electric propulsion. has not 
been fully represented, we will amplify the. general statement made.in our 
previous article and which was based, not merely on the extraordinarily 
ample. information published in’the' United States regarding these vessels— 
which, by the way, is in-strong contrast to the details: available ‘of the per- 
formances of the'Scandinavian ‘ships we have referred to—but ‘also on very 
first-hand information gathered ‘in the ‘course of an investigation’ recently 
made with a view to possible developments in ‘electric transmission, which, 
as: we have just‘seen, have not materialized. 

The United. States. Navy,.Department did. not adopt. electric propulsion 
without very careful consideration, and when, finally, it was decided. upon, 
the peculiar strategical conditions, which that Navy. has to. meet. naturally 
bore a large share in influencing the choice. Commander S. M. Robinson, 
U.S..N., who took a leading part from the Navy Department, side and has done 
much. excellent. work in bringing electric. transmission to its present state, 
has recorded very clearly in an article dealing with the subject, that both 
as regards weight and. efficiency at full power, the. advantage lies with 
m ical gearing. But these items. alone, unless. the advantage be over- 
whelming;,may not outweigh other factors, such as.economy at very low 
speeds, if this happens, to be a very desirable: element, and in the case of 
the United States more importance is attached to it than in Great Britain, 
largely owing. to the immense distances,.which separate their bases:.in. the 

acific. Ocean. Flexibility. of installation, and of operation. are: also con- 
sidered as, being of special advantage, the former in admitting of elaborate 
subdivision, and. the latter in freedom from entire breakdown, owing to 
the ease with which either generator could operate any shaft motor. The 
case..as between warships. which; are essentially. variable-speed ships, .and 
merchant. vessels which are. almost. entirely constant-speed ships, is vastly 
different for electric propulsion, Little or no modification in design -is, en- 
tailed with gearing; but the design of a satisfactory form of transmission 
and control to suit the Service. conditions in the former is a very complex 
matter. It demands: very careful study of a wide number. of, electrical. and 
mechanical problems that do.not:.arise in: ordinary, generating work at : all, 
and the electrical equipment of a big. warship to satisfy the same conditions 
of ease of control that are found in a geared installation must. be,.for that 
very reason, complicated beyond all ordinary electrical work. This partic- 
ular point is Of ‘some interest at the moment, because, apart from the, study 
made of the subject to meet the possible case of an alternative design for 
the big ships, quité a number of marine electrical inquiries have recently been 
circulated, and if is obvious that the design of generators, motors and 
system of working them is a much more difficult proposition than that of 
selecting mechanical gearing proportions. 

Taking first the question of economy as being of primary importance, it 
is only possible to compare the best which has been accomplished up to date, 
modified where necessary in the light of such improvements as experience 
with the latest shows likely to be obtained in sets under, construction. Tak- 
ing, for an example, the same ship with the same boilers and shafting, &c . 
we have the two. stages of heat. conversion into. power. with. each form of 
transmission; one in the turbine, and thence by gearing or electric transmis- 
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sion. Single'reduction mechanical gearing of the type generally adopted in 
Great Britain has, over a wide range of power, an’ efficiency up to 98.5 per 
cent, and even down to very low powers the loss does ‘not exceed 3 to 4° per 
cent.’ The efficiency of the generators in the New Meico'and' Maryland 
is given officially and by the builders as ranging from 95 ‘per’ cent at’10 
knots and 96 per cent ‘at 15 knots, to 97 per cent at full power, while the 


motor efficiency ‘is fairly constant at 95.5. ‘The’ comparative transmission 
loss between turbine and shaft is— 


Percentage of full power...siies- erate “even teemeiae” peers 
Generator eficieney, obddcppodaccptee cy} diet we Die Qrterondin «595 «bis MOD -aeddeapeh oopirs 97.0 
Motor efficiency; * . 95:5) seeessersenees955 





Combined efficiency sie ++290.7,. onit Silo teii~sbaveeehy 92.6 
Efficiency of eect; gearing..... data 96.0. Boone We Onseee Ke) 
Per cent superiority of gearing, per cent... 5. Bane a Peetais = Bale shelichaegs 9 


These’ figures were in use for responsible comparisons Of ‘the ‘two systems 
within ‘the last ‘month or two. 

Next, what type of turbine can or is to be adopted? With single’ redtic- 
tion ‘gearing; two cylinders in series with two pinions working’on a large 
common gear wheel offer the best restilts ‘for ecotiomy and’ space’ occupied, 
and ‘with two cylinders a very high’ turbine “K” "is being éasily and cheaply 
attained; in fact, one giving a thermal’ efficiency ratio'of 70 per ‘cent,* ora 
consumption of 9.6 pounds per shaft horsepower, ‘with steam at 250 potnds 
gauge pressure and 28.5 inches vacuum, which'are'the guarantee conditions 
—for ‘dry steam—tn the Utited States ships; is common: “With a single 
cylinder imptilse’ turbine, as in the United States ships under discussion, this 
high economy is’ not’ so ‘easily obtained without ‘considetable increase of size 
of turbine. The New’ Mexico’s turbo-alternators' were some 35 feet long 
overall—they ran at nearly 2,000 revolutions per minute—by 10 feet wide 
by 12 feet 6 inches ‘high. Their thermal efficiency ratio” ‘at full ‘power related 
to the propeller shafts was about 57.8 per cent.* ‘To’ improve this ‘materially 
will involve either a’ considerable lengthening of machine and ‘increase of 
weight, or else the higher consumption due to the’ single cylinder impitse 
desigh and‘its. low’ transmission efficiency must’ be ‘accepted: ’ ’ For much 
larger ‘units, partictilarly if the power ‘or the revolutions are ificreased, we 
Shall expect to’ see'two cylinders, the. low-pressure.of which must be double 
flow, as in the Hood and the’ British’ destroyers, with consequent’ consid- 
erable-increase in weight and overall ‘length. ‘It is quite impossible to. dis- 
sociate the turbitie design from the electric drive. The‘ ‘steam’ consumption 
of the New Mexito—with the above transmission’ 108s, ‘of. course, inclu ed— 
was as followst—" ~ 


Cs di Lb.. per -S. HP... 

Speed, knots, - SoH. Pe... eta” Actual. 
Io 3,200 15,38); 14.35 
15 9,200 oe ROB ‘34.6 
19 20;750..... |! > AT .32} Ii.5 
20.5 33,000 , 11.53 , £1.58 


The desired consumptions tan be varied petptithig 't6 the design of tur- 
bine, so as to give' good low power’ economy with the lowest consumption 
per shaft’horsepower at about 80 per cent of full, power, that at full power 
rising Slightly above this, or the maximum economy can be arranged for 





* Tn turbine brake horsépower—4. ¢., without geatitig—“these values ‘are 71.5 and 62/4 
respectively: Both are often exceeded, 
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full ‘power, in which case the lower power rates will rise somewhat. The 
former design is adopted for warships, ‘the latter for merchant vessels and 
the variation in the former’ is a matter’ Of'requirement. ' In the American 
ships, with the object of sectiring’ as good economy as possible at low 
powers, the full-power rate was sacrificed. The total consumption per hour 
of the New Me-ico is shown in Fig. 1. With the two-cylinder arrangement 
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go 


and mechanical gearing, and a thertnal ‘efficiency ratio’ of 67 ‘per ‘cent under 
the same, conditions. of pressure and vacuym a consumption at full power 
of 10 pounds per shaft horsepower. is. now obtained. The tural consumption 
of such a set is also shown, the figures ollowing the straight Willans line as 
usual. That for the New Mevico falls direct into the riety but in practice 
both curves tend to converge slightly below one-tenth ful power. The two 
lines cross at; 16.25 knots, or at about one-third of full, power, when all 
four shaft motors are driven from one generator, the other turbo-alternator 
being cut, out, and, like the astern, turbines in the geared sets, being kept 
ready for instant operation, a matter of small moment. The Shoe gain 
or loss i in steam.consumption for the Tespective main engines is. sh own in a 
lines at the foot of. the diagram... It-is to portion A that. gee gages 

is attached in the United States; portion B is equal to A, and if weal 
spent equal hours at all the different speeds, portion C would represent clear 
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gain for the geared set... The saving at the upper end of the, curve goes a 
long way in nullifying the advantage of 10 knots. Much depends on what 
importance is attached to the gain. at. low. powers,. In, the. constant. speed 
ship, the superior transmission. efficiency of the gearing must. inevitably 
restrict. the adoption of any less efficient form,of drive, but it is, par excel- 
lence, in the battle-cruiser. type that the advantage of electric transmission 
is seen. As shown in the New Me-xico’s speed curve, there is little tangible 
advantage in economy over the geared set above about 13 knots, and speeds 
below 16 to 18 knots are very dangerous in wartime—a fact that requires 
to be remembered, for the advantage then lies with the other type of gear- 
ing. In the battle-cruisers of the Hood class, which require about 150,000 
horsepower for 32 knots, a speed of-20:5 knots is obtained at one-fifth of 
full power and 16 knots with one-terith, compared’ with the 10 knots only 
in the New Mexico. The Hood can do 14 knots with tess than 7 per cent 
of her. full_power. For ocean cruising between 16 and 20 knots—i. ¢., above 
submarine speed—electrical’ transmission does offer this distinct advantage 
in economy; whether the much gréater weight and complexity offset this 
particular advantage is quite another matter. For one nation it may, solely 
for geographical reasons; for another, with ample coaling stations and no 
reason for cruising in mid-Pacific, and with several years recent experience 
of the necessity of the use of high speeds in wartime, what may be advan- 
tageous to others, may on balance be.a positive disadvantage to ourselves. 

As to cost—a very formidable item atthe present time—can there be any 
doubt whatever as to the much lower first cost.of the geared set for the 
ships: we spoke of on September 9th? The contract for the New Mexico’s 
machinery was placed, in 1915, with the General Electric Company, of 
Schenectady, whose experience of electrical machinery is very wide, and 
whose consulting engineer, Mr. W. L. Emmett, was advocating. electric 
propulsion as long ago as 1908, before the geared turbine was tried in Eng- 
land. It consisted of— 


Two turbo-alternator units, complete with throttle and governor valves. 

Four main propelling motors. 

Switchboard and control gear, panels, instruments, insulators, &c.,.and 
all cables. . 

Two main motor-driven circulating pumps. 

Two main motor-driven air pumps. 

Two main motor-driven hotwell pumps. 

Four main motor-driven oil pumps. 

Two motor-driven oil coolers and tanks. 

Motor-driven blowers for ventilating main motors. 

Spare parts for, the above apparatus, 


The total estimated ba of this installation was 700’ tons; it actually 
proved to be 590 tons. ‘The contract price for the above is. stated by the 
General Electric Company to have been $431,000, or, say, £86,500 at par. 
It is very difficult to compare costs and priced in dftrerint’ totittries but 
as regards weight, four sets of turbines and gearing with the corresponding 
auxiliaries would weigh about 470 tons. It was on these broad lines of 
economy, complication and weight that our article suggested that, for Brit- 
ish purposes, electri« transmission would prove less suitable than gearing. 
We may go a little further. OE 

Our electrical contemporary roundly condemned our desire to know more 
about the performance of these. electrically propelled ships, and cites the 
mass of information published in America, But these data, deal almost | 
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entirely with material’ and not performance in’ service, which is precisely 
what’ 1s’ needed. ' Little’‘or’ nothing has been’ published about the Swedish 
sets, except the comparison between’ the 'S. S. Mjéiner and a sister ship, 
and we refrained from quoting some of the difficulties which. have been ex- 
perienced in the smaller vessels because they bore in no way on the subject 
we were discussing. One of the problems in electrical propulsion on any 
large scale lies in the adequate ventilation’ of motors and generators. ‘These 
cannot be’ ventilated directly with salt-impregnated air, and in the American 
ships; which ‘require two fans to eath motor and generator—some 140 
horsepower which does not figure in the above’ consumptions—special ar- 
rangements are necessary for drying the air before ‘it is used. This air 
supply to the motors might easily be interfered’ with by damage exterior 
to the engine-room, Again, the entire control ‘of the whole propelling ma- 
chinery is centered in the switchboard in’ the central engine-room, as it must 
be centered in any electric ship. There is'no such concentration of control, 
no such wholesale reliance on immunity from accident on one item, failure 
in which means utter breakdown, to be found in any other department. Guns 
can be fought or the ship can be steered if director tower or conning tower 
be put out of action. The greatest: care has naturally been taken in the 
design to prevent accident from internal and external causes, but the pos- 
sibility of all shafts being stopped through a single fault is peculiar to 
electric transmission, and does not arise in geared*installations. The pros- 
pect of a bad short circuit in an engine-room is not pleasant to contemplate. 
The effect of the inevitable condensation of vapor is a further point on 
which experience requires to be gained. Yet we presume that if we pursue 
this subject we shall incur the risk of being accused of running down 
electric propulsion, which is far from our intention. We know :that special 
arrangements were made in the American vessels to guard the cables against 
this; it is only one of very many problems that require solution before 
electric transmission can be adopted with the same degree of certainty as 
the geared turbine is. And the principal one among these for merchant 
steamers is the’ quéstion of relative economy and first cost. A secondary 
one is that of control, and this cannot satisfactorily be accomplished by 
means other than electrical—for instance, by the use of’a clutch—for the 
reason that the propeller is then not under continuous control as it is in the 
preg ships, or with gearing, even if a satisfactory clutch could be 
levised. 

The extent to which electric propulsion has beenadopted, except ‘in the 
United States Navy, is very limited. In addition to the New Mexico and 
her sister ships California and Tennessee, the four battleships of the Mary- 
land class, of about 33,000 shaft horsepower, the six of the South Dakota 
type, of 60,000 shaft horsepower, and all six of the Lexington class of 
battle-cruiser, of 180,000 shaft horsepower; all with four: shafts, are all 
fitted: with this form of transmission, the contractors for the machinery 
being either the General Electric Company, of Schenectady, or the Westing- 
house Company, of: Pittsbur We cannot ‘altogether acquit our contem- 
porary of ‘denying indisputable facts when it repudiates ‘any suggestion that 
these installations ‘represent the’ latest practice “in electrical ion if 
only because there ‘is'nothing' else to compare with them:'’ The United States’ _ 
authorities ‘very: naturally compare the performance oftheir own vessels,: 
and the’stiperior ‘economy of the’ New Mexico over her sistér ship Pennsyl- 
vania; ‘which » is.‘fitted with direct ‘connected main turbines and geared 
cruising turbines for use up to 15 knots, is of the order of 20 per cent for 
speeds of 19° knots upwards and about 30 per cent at 15 knots. At lower 
speeds, partly because these geared cruising vessels exhibit very good 
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economy, at very low powers, the, fuel, saving is very.small. . Compared.with 
the Mississippi fitted. with: direct drive Curtis , turbines. and geared ctuising 
turbines, there was a saving in weight of over 200 tons in the New Mezico. 
But these comparisons are, with ships which were laid. down in 1914-15, and 
not with: all-geared vessels, of which there are no. big, ship, examples i in the 
United, States Navy, and. which in :the British service also show superior 
economics of 20 to 25 per cent over the last direct driving sets fitted,. It i is 
impossible not to admire the work. ofthe General Electric. Company. in 
particular, and the ability, displayed in solving the many. and. difficult prob- 
lems involved in applying efficient variable-speed motors to propeller. shafts. 
A -vast amount of care and trouble has, been devoted to. these designs, and 
the-case for electric propulsionis, less likely to be, aided by. criticism. of 
them by exuberant enthusiasts than by. their offering reasonable, proof that 
any other form is likely to, meet. the drastic requirements of efficiency and 
reliable operation which are now available in other types of transmission —- 
“The Engineer,” March, 1922, or 


NODAL ARRANGEMENTS OF GEARED DRIVES*. 
By Dr. J. Hi Smrra. 


An inspection of the teeth of gear wheels which have seen service in a 
faulty arrangement. will convince the most optimistic that hammering has 
been taking place. Pitting is found at the pitch line, rapid wear occurs and 
grooving of the faces of the teeth appears; flakes and particles of. metal 
are found in the oil drains; the edges of the teeth are sometimes frayed. and 
occasionally the teeth are.torn off at. their roots and show typical fatigue 
fractures, thus revealing the presence of fluctuating ‘stresses of range from 
30 to 40 tons per square inch; irr: rities of. pitch sometimes appear, a 
these items suggest that the tee have been hammered, in a violent and 
periodic manner. The matter is serious in the case of. some. double geared 
ships; there are apparently quite a number below. their economical 
and designed speed owing either to this trouble or. fear of it, ; 


SINGLE AND DOUBLE-REDUCTION GEARS. 


Occasionally a double geared ship is produced which appears to give 
complete satisfaction; occasionally a:roarer is turned out'which:is not satis- 
factory..even at half-speed. The; difference, in the percentage successes of 
single and double reduction geared. ships appears to. be very. marked ;. the 
single reduction arrangement) is, considered by many a satisfactory. one, but 
there isa.strong feeling »amongst engineers that the double: reduction ar- 
rangement is not... The conditions are.so bad. in some:cases that the per- 
formance. of double geared ships is: below ‘that of ships fitted _ ‘recipro- 
cating engines. 

Various. methods have been. suggested for the reduction. or. eliminsition of 
tooth pressure fluctuations and hammering .actions, but,in:all such: changes 
the object in view has evidently atte obtain the effects of more: accurate 
cutting and lower surface pressure, The modern tendency. as ‘regards tooth 

" Pressure appears to be to. return to 500 or 600, pounds’ per inch width’ of 
wheel, a value.used by, Boulton & ‘Watt’ for rough: cast-iron ‘wheels: ‘It 
would appear, then, that we are not edvancing very rapidly in’ this: branch 
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of engineering..;, As; regards. the. general arrangement of a. geared. drive, it 
has been suggested, that flywheels. and.,elastic couplings should. be added. 
Elastic shafts of various \forms and elastic, wheel; rims, have.also been, sug- 
gested, introduced in some cases with the object of securing a.more uniform 
distribution of, load over, the width, of the wheel, in athens with, the object 
of allowing for irregularities in the teeth, . 

There appear to be: only two. proposed arrangements in. which some, slight 
indication of the introduction of scientific ideas is in evidence,’, In one of 
these it is proposed to extend the prime mover shaft beyond its pinion and 
to add to this extended ‘shaft ‘a: flywheel so contrived that the “node” of 
torsional. vibration. of the shaft, coincides with the pinion; in the other sys- 
tem. the main gear wheel is to be placed. at the. node. of torsional. vibration 
of the propeller .shaft.,. We are not informed how these peculiar emis 
are to. be secured. : 


INVESTIGATION, Both) 


With the object. of iattempting to obtain a "solution af the problem of 
geared propulsion the. writer was invited by: Mr., Chas. E..Allan, director 
of Workman, ‘Clark: &.Co,, Belfast, to carry.out\an investigation.on. both 
experimental,.and. mathematical lines. On taking. up this work the . writer 
was brought into touch with an interesting example ofa roaring ship... The 
peculiar behavior of this ship. he. found.could: not be explained.i in any manner 
by a simple’ theory, and he was gradually led into a full investigation of the 
whole - question on; the: broadest: possible lines. . The;main features, of the. 
mathematical side of the investigation. in. their simplest form. are. recorded 
in this paper, the results of this investigation leading to what appears to the 
author to:be the only possible solution of the problem. 

In order to:simplify a proposed elastic shaft geared dtive,. with the object 
of -securing an arrangement! which shall; have the, least, number} of, possible 
critical speeds, and therefore the least chance of coincidence of , any, of, these 
with any impressed periodic actions arising either from the action of un- 
known internal‘ irregularity or’ known’ and unknown’ extértial ‘periodic dis- 
turbances, a certain amount of ingenuity is required. No common line of 

re can beé’choser ‘which; will: - Suitable for the most general arrange- 
ment.’ sNonibn Hs a 

When ‘designing a drive we? may have to study the peculiarities of the 
known disturbing elements, and in some cases it:tnay be mecessary! to: split 
these elernents into their component parts. In all such cases the! comiponent: 
parts® will'“consist of a ‘fundamental and a) 'series‘of “harmonics: 


‘having 
periodicities simple multiples of the periodicities of ‘the maitt’ featare'of the’ 


disturbance. ‘Such’ corisiderations ‘will ‘fead ‘to’ the’ forthationof'a family of 
periodicities. An arrangement of the drive will then have to be made of 
stich a nature that thie po paced a critical ‘speeds’ are'so’ placed that ‘synchrotiism 
does not occur’ ‘between one of them and any member of the family of’ 
the impressed periodicities: Getieral' ‘considerations on’ a° question” such Si 
this aré, ‘of ‘course, always” difficult’ ‘to deal with; bit’ after Ng veh 4 ‘consid- 
ering the € possible variations of ‘the numerous’ elements ‘with Which we’ are’ 
concerned a elastic ‘shaft geared ‘drives.’ the’ eestor at 
the ‘requir ed ‘reductions are best secured’by 22" vedas 

ies ‘Simplifying. the. system. t homs-o78-quorg-ond To.ettede ont deat 

(2); Tuning.: tbe. system. 

43) ‘Making the elasticities and masses vot certain shafts drvamialy, slat: 


ilar. 
(4) “Adjusting the phases, of the iieiens. 
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(5) Attempting the elimination of high’ periodicity disturbance by lower- 
ing the pitch of ‘the possible’ free vibrations of the system. 

(6) Arranging the periodicities “of the disturbance in a ‘definite and 
simple’ family. 

(7) Reducing the miotiients’of inertia of ‘the wheels’of the attendant train - 
to the least possible value. 

There may be other items worth: ‘considering, but so’ far the writer has not 

discovered them: 


ommatenn ines OF SYSTEMS. i 


The difference in behavior of single reduction and double reduction ‘sys- 
tems would appear to be partly explained as arising’ fromthe simple nature 
of the former. In a single reduction arrangement there’ aré’only ‘one-half 
the number of tooth connections, and hence roughly speaking only one-half 
the number of possible critical speeds and smaller critical speed ranges than 
in the corresponding double reduction arrangement. With the present hap- 
hazard ‘méthod of ‘designing, then, ' the single reduction arrangement has a 
far better chance of success than the corresponding double reduction type. 
The suggested use of a flywheel ‘on the propeller shaft is without doubt a 
mistake; it would increase the degrees of freedom of the system and hence 
the number “of possible ‘critical’ speeds:’ Any change ‘in the moments of 
inertia of the propeller or of the’ shaft dimensions would not’ increase the 
number ‘of ‘possible critical speeds, and is ‘therefore not objectionable. It 
may be observed also that we must cut out all elastic shafts in the gear box; 
that is, we must bind the driver and driving wheels mounted on any shaft as 
rigidly together as possible. 

In a tuned system, then, we may say that very great reductions have been 
made in the possible number of critical speeds. The following table will 
give some idea of the changes which can be made by tuning alone in a com- ~ 
plex system, consisting of » shaft and m toothed’ connections. 


CRITICAL SPEED OF TUNED AND 'UNTUNED SYSTEM. 


“Number possible Number possible 
Critical conditions. : in untuned in tuned 


system system 
Acceleration of gear wheels n I 
Free vibrations nom 2. 
One couple’ acting on one shaft anm + 2 4m) +-2 
One couple acting on each shaft an?m + 12 4 nm)+-'2 


e critical speed ranges are reduced from # to 2 in all-cases. 
Simplification secured, by the adoption o dynamical, pe —It is often 


possible to make a.group,of shafts, tog with their attached, masses and 
transmitted. torques, dynamically ; iy simailat, Dag in such cases the behavior of 
all the shafts in the group becomes. identical, and can. be treated as one. indi- 


vidual shaft. |.In:this way the number, of yeu connections are reduced. from 
the number. appearing. in. the group of shafts ‘to, the number: appearing. in. one 
shaft, and hence the critical ranges will. be the same for all members. of.the. 
group. The simplest conditions to be satisfied in such a reduction are first, 

that the shafts of the group are tuned to the sathe fréé 'j ity’ ‘second, 

that the masses mounted on the shafts are identical} and’ third,’ ‘that the 
torques transmitted by the shafts are the same. Tt may here be noted ‘that 
P sorerngag similar shafts do not help in simplification jinless the system 
1s tun 
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ADJ hosts OF PHASE; OF DISTURBANCES. 


In. certain, cases the. ‘phase of the disturbing periodic couples will be known 
with a fair degree of accuracy, and hence by an adjustment of various shafts 
it will be possible to arrange that these couples cancel each. other when taken 
in pairs. In such arrangements the shafts considered will have to be tuned 
to the same periodicity ‘and assembled in ‘an appropriate manner. As an 
example of this, we might mention that the simplest nodal arrangement 
which could be devised; if the elimination of the fluctuation ‘of torque arising 
from propeller blade disturbance i is the important consideration, would con- 
psi at twin propeller shafts connected to one gear box and’ suitably as- 
s 

Lowering of the pitch of possible free periods—The author suspects that 
in many cases angular oscillations ‘have been occurring in turbine rotors 
and ‘have been so pronounced as to give rise to appreciable fluctuating 
couples. If such periodic torques are possible it would appear ‘that’ they can 
only be high periodicity effects, and can only be avoided by tuninig down the 
possible free vibrations of the system to the lowest pitch. 


PERIODICITY OF DISTURBING TORQUES. 


In seeking simplification’ one is naturally tempted to consider hot ‘only 
the method of reducing the number of critical speeds but all other aspects 
of the question. The periodic disturbing couples, large or small, do not 
appear to offer anything promising: in this direction at first, but:a little con- 
sideration will show that aisimplification is possible here: ‘At the present 
time there appears'to be no attempt’ made ‘in this direction. How the speed 
ratios of the various elements of a geared ‘drive are chosen: one would: have 
difficulty in finding out. As a matter of fact such a question, in the writer’s 
opinion, is treated in the same ‘way asmany others: inthis» branch of 
engineering. If ‘we consider the simple case of a three-shaft drive, and ‘for 
simplicity assume ‘thatthe chief. disturbance arisés from propeller blade 
action, it will be seen that the possible periodicities: are b; N; 25 N;:3 b'N, 
&c.,; where b: is the number of blades: in the: propeller. and» N: is the revolu- 
tions per minute. These periodicities will be effective; and: it‘is: therefore 
absurd to'add further® periodicities to) this: long’:series.’ Inorder; ‘then, to 
reduce the disturbances: to the smallest: and *simplest possible: family, the’ 
speeds of rotation of all other elements ofthe system. should: be ‘arranged 
so that they are members of: this family and not: strangers. ‘That’ is,’ the 
speeds of the primaries and the turbines should belong to'this family!’ °' 


MOMENTS OF INERTIA OF THE yam. 


It can be shown that the smaller the momerits of inertia’ of: the ‘attendant 
wheels the more nearly do the’ various critical speeds merge into one value; 
and hence the smaller speed rarige over which these criticals are spread. We 
may look upon the matter in perhaps a’ simpler’ way; for example; in an 
ordinary three-shaft arrangement the most dangerous elements would appear 
to be the primaries ; when working at or near a critical speed; these’ wheels 
are instantaneously free and uncontrolled: by: élastic confiéétions, and ‘hence 
may take up independent rebouriding hammer’ motions. If ‘such a thing is 
possible the only way we can reduce the effect is‘ by reducing the “ weight of 
the hammer,”'é)¢., the moment’ of: inertia’ of the primary wheel. ‘In the 
single reduction arrangement the hammer does ‘not’ exist. 
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General conclusions ‘on simplification+We are ‘led, asa result of our in- 
vestigation, to the conclusion that the tuning or nodalising of any geared 
drive is the’ niost ‘direct and: importafit’ dynamical méatis of ‘attacking: the 
problem’ when ‘out objéct is the reduction of the number and magnitide’ of 
the possible critical ‘speed ranges. 


\TAIRRE-SHART ARRANGEMENTS, | 


In, order. to; illustrate. the. use of the; general equations and conclusions 
deduced, the author deals ina, broad way with. two simple problems, in which 
the arrangement of gears and elastic shafts consists of two prime mover 
shafts geared to one propeller shaft, namely, the common form of arrange- 
ment. used in ship. propulsion. . If it was. desired to carry our simplification 
in a haphazard design to the utmost limit, the arrangement would be made 
to consist of either a single reduction train, or if not possible, then double 
reduction train with only one prime mover, as. in this way the critical speed 
ranges would be cut down to.a minimum. A double reduction arrangement 
with one prime mover will possess almost all the advantages of a single re- 
duction arrangement with two. In any case we shall reduce our system to 
a one mass per shaft system, and where double reduction is employed shall 
employ rigid shaft connections between the primary wheels and pinions, and 
make the moment af inertia of the primaries of the least possible amount. 


‘CRITICAL SPEEDS. 


It j id shown that Sct the simplest’ possible | three- shaft arrangement there 
are two critical speed ranges; or ten: critical speeds;'when double reduction 
gearing |is employed,'and. six: critical:speeds :when single .reduction gearing 
is used\:: The problem then, is reduced to the adjustment of the critical speed 
ranges, or ‘criticali speeds, so: that they fallin, positions amongst the family 
of impressed speeds in ‘such a: manner that. neither. 'coincidence-nor approxi- 
maté: coincidence:.is-met with over that: part of the speed range: which. is 
consideréd:important, ‘This: is, in:general, ‘a: fairly: simple thing to, do: when 
a‘design is being prepared ab. initio; but: would ‘appear to require soine: little 
patience and ‘ingenuity: when: one’ is concerned with: the conversion..of: hap- 
hazard, arrangements: 

It: may be: observed: -that, in’ a haphazard arrangement ;of a three-shaft 
drive, ‘in: which; stiff turbine shafts :are.employed,: and. hence -in which high 
periodicity..criticals may. be miet; the total possible! critical Speeds, if itocan 
be: maintaitied. that the turbine: disturbances are negligible, is 27, in a :double 
reduction and 15 -in:a»single ‘reduction: arrangement. - Moreover, ‘the. critical 
speed ranges of the tuned system can be determined with a fair degree of 
accuracy, whereas those .of the haphazard. system. cannot. 

Clearly defined critical speeds are apparently seldom met with in hap- 
hazard; arrangemerits,,,and. hence the..writer, is of) opinion that there is ino 
clearly..defined oscillating..system in the;.majority, of )cases, but @! hopeless 
jumble, of , vibrations ,and. chatter..to which mathematics’ cannot! be. applied, 
It. may. be,,maintained, that. the:high,, periodicity. .criticals are-outside,the 
working, range, ofthe arrangement.,,, The writer,,cannot see how this,ican 
possibly. be;; asthe number of impressed. speeds, covers such. a wide range; 
and. when. the harmonics; of.’the propeller’s disturbance: are considered,:isueh 
suggestions,|seem jaltogether. out,,of-the,,question. » The-.writer. has. 'spent.:a 
great. amount) ;of ,.time,-in analyzing . oscillating, systems . of. the three-shaft 
kind, and |has. never, yet, found; one: case of ,|haphazard. arrangement. where -all 


the criticals were not below..the speed.of.revolution.of. the highest speed 
turbine shaft. . 
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Critical ‘Speeds’ resent no difficdity if:‘they are clearly defined; the sea- 
going engineer will } 4ahconsciously open or close’ his stop-valve when exces- 
sive vibration is met with. If an arrangement of machinery is manufac- 
tured) which: has a multitude:df critical speeds within its normal speed. range, 
if a number of these critical speeds occur close together in the working 
range, adjustment for evasion is impossible. 

In: a; tuned;.system. under,certain conditions, generally arranged to.,corre- 
spond with, half-speed, .clearly, defined. critical. speeds are. met.with, There 
is no doubt, abqut the meaning’ of, such to| an. individual standing on or near 
the gear case if the periodicity is low,\as the phenomena resembles an earth- 
quake; and extends ; jover a speed; range. ot. from, four to. six. revolutions per 
minute, but. there: is’no. extra:-noise while working under, these conditions. 
Noise, chatter, hammering and roaring are apparently not to. be associated 
with low periodicity criticals in a system where defined oscillation exists. It 
appears:to the) writer that the most dangerous .type, of critical speed is that 
of high periodicity. | Such crjticals are dangerous; because we have no clear 
evidence of their presence except in the rattle and roar, which when once 
started, gradually increases in volume as the speed increases. It, was’ the 
peculiar behavior of a true roarer which led the writer to suspect that there 
were other. disturbances, to be taken into. consideration besides.those arising 
from psnnigier blade, action.—“ Shipbuilding ans bist Record,” April. 13, 
1922,;;..- P 


_ 


% A NEW FORM OF GEAR. 

The::increastng: application of! reduction: gearing to. marine: propulsion; pat- 
ticularly, during the: last decade, has: ‘called: for machines: and» processés of 
greater, precision in manufacture. -It: wouldiappear that the final answer’ to 
the: question: 6f tooth’ pressure’ has not yet:\been prepared; ‘arid ' while -the 
laboratory determination: of what pressure: may \be: economically withstood 
by: the: various metals: for: wheel. teeth;:the great difficulty of maintaining 
under ‘marine: conditions the contact: of: wheel and: pinion teeth’ alorig: the 
whole: face must: be ‘recognized. : If; inaceuraciés, either: inthe form of: teeth, 
alignment}; or /balancing:of: parts: were: the sole causes of: power transmission 
troubles, there: would’ be-no excuse for their: continued: existence}: but there 
are and always will be certain varying conditions on land and:‘sea which 
must be overcome. In a paper recently read before the Institution of 
Engineers and Shipbuilders -in. Scotland, .Mr...W..Rees Darling described 
some features of a new autopitch gear which consists essentially of a wheel 
body. with loose’ pieces|.of :thim plate fitted.close together, round, the ;rim, 
forming; as! it, were, a regular laminated; ring. in) the; position: usually eccu- 
pied ‘by; teeth, and, their, corresponding. spaces, ‘It \is claimed) for, this..gear 
that,.a:pinion..of . this!.construction ;is:; able: to ee itself to any 
straight/tooth in:a,wheel and. will continue to.do so the tooth is,entinély 
worn away. It) is. therefore, independent, of. contour and. thickness: of, tooth, 
also.the, tooth may engage with) it at any. point-of its:citcumference, and: it 
is thug.independent of pitch.’ There are no tooth: clearances, and therefore 
no. backlash), Wear. may be taken. up.by adding new. plates, and this pinion 
may. be «moved, into:gear.at.a speed.of 2,000 revolutions: “per minute. without 
danger or shock;.,.Unfortunately,| no data as: to’ iefficiéncy. or : econonty: has 
as yet) become, available; and: the. application of. the. gear to the transmis- 
sion.of high powers, such,.as are met within marinework. is, problematical. 
Nevertheless, the,.new) gear'.makes. such. a: fundamental, departure: from 
existing theory. and practice’as,to'be:worthy of some attention.— Shipbuild- 
ing and Shipping Record,” March 30, 1922. 
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THE PROTECTION’ OF CONDENSER TUBES FROM CORRO- 
SION AND SEASON CRACKING, 


Causes or Corrosion AND Sdiendon OF Puaventiox—Comosttiox oF 
TuBES—T UBE TREATMENT. 


Few subjects have more consistently engaged’ the attefition of operating 
engineers ashore and afloat or have figtited’ more prominently: i in the papers 
and discussions of technical’ ‘institutions and °reseatch committees than the 
effective protection of condensér tubes against corrosion and. the several 
other factors which contribute towards failure. At the annual general meet- 
ing of the Institute of Metals,’ held on March 8,’two further ‘papers. on this 
somewhat complex and many-sided subject were read; as’ follows :—“ Notes 
on the Corrosion and Protection of Condenser Tubes,” by C.D. Bengough, 
M. A., D. Sc., and “Further Studies in Season-Cracking and its Prevention 
Condenser Tubes,” by H. Moore, O. B. &., Ph. D., F. 1. ©, and S. Beck- 
insale, B: Sc. 

As investigator to the Corrosion Research Committee, Dr. Bengough has 
carried out scientific investigations covering évery aspect of the problem 
during a period of approximately 10 years, and’ definite conclusions have 
been put forward based'on an extended experience of the practical working 
of condensers. As a strictly practical paper, taking the fullest account of 
the respective viewpoints of the manufacturer of the tubes, the maker of 
the condenser, and the operating engineer, this may rightly be said to be the 
most authoritative expression of opinion on the methods of protecting con- 
denser tubes from:corrosion that it is possible to prepare at:the: present time. 
While: appreciating that the most fertile cause of failure!'of)) condenser 
tubes in service is corrosion, the authors of the latter paper point out that 
occasional failures ‘occur, both in store and on service, by the development 
of cracks arising from internal: stress, and this paper isa record of the work 
done in consequence of a ‘suggestion made by the: President, Engineer Vice- 
Admiral Sir George Goodwin, in’ the discussion ona paper presented to the 
Institute two years ago ‘by the same authors. At that time the President 
suggested the application of low-temperature annealing ‘to Admiralty ‘con- 


denser: tubes as a possible means of we ey or eliminating the internal 
stress in brass. 


LOW-TEMPERATURE ANNEALING. 


‘Previous investigation has shown that the origin of internal stress in 
drawn brass tubes is attributable to drawing through a die without internal” 
support, and tubes in which the internal diameter has been reduced in this 
way without any appreciable reduction of wall thickness are described as 
“hollow-sunk,” Primarily the experimental’ work under this heading was 
directed to the subject of the reduction of internal’ stress by low-tempera- 
ture annealing and the effect’of such treatments on the strength and range 
of elasticity of condenser tubes.’ The ground covered by this work com- 
prised the heat treatment of spun caps of highly stressed’ condenser tubes ; 
of ‘strips of condenser-tube brass maintained in a’ form causing a known 
initial stress; and of tensile’ test pieces of the same material. ° 

The he experiments on the low-temperature ‘annealing of internally: stressed 
condenser tubes and spun caps agreed with the quantitative results’ obtained 
by the work on elastically bent strips of Admiralty condenser-tube brass, in 
which ‘strips cold-rolled ‘to 120 and 160 Brinell hardness, initially ‘stressed 
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to. 10, 15, and, 20,tons per square; inch: maximum tension at the surface, were 

annealed at temperatures in the range 200 degrees to 325, bad C. The 

results obtained.may, be.summarized as. follows :—. 

> 1¢,At the lower, temperatures the. rate of reduction of. stress is. fairly 

ane at. first, but becomes. slow low ie the stress has) been. substantially re- 
duced. ‘igaoprtant stresses ter six hours at 200, degrees or 225 

degrees 


2. As the temperature is raised the rate of. reduction. of stress increases, 
but shows the same characteristic of slowing down asthe stress falls during 
the treatment. 

3, The higher the initial stress. the higher is the remaining stress after a 
given treatment in, condenser-tube. brass of the same hardness, although the 
amount of stress removed is greater the higher the initial stress. 

4, The higher the hardness, of, the brass, the lower is the remaining stress 
after. a given, treatment and. for a given initial stress. 

5. A large reduction in the amount of stress, is brought. about. by an- 
suating conditions (temperature and. time) which raise slightly the hardness 
of the cold-worked material, and the stress can be reduced to alow value 
at which it appears to be innocuous, by treatments: which do not appreciably 
lower the hardness and strength. 

Although it is generally believed. that ‘season-cracking may be. brought 
about in brass solely by the action of internal stress this view is contested by 
the authors, who claim that chemical or other action is contributory, and 
they hope to establish this claim as the result of further experiments which 


are at present in progress. 


CORROSION—IT'S CAUSES. 


The factors contributing to the failure of a condenser tube are so many 
and varied that it is rarely possible to point to. any single factor as being 
the. sole cause of actual perforation, and, when such perforation has been 
observed it will more generally be found to have been the cumulative result 
of several different factors. _Moreover,..it is: doubtful if similar conditions 
ever obtain in.any two condensers, and while iments carried out in any 
individual plant or, ship may have, been meee with marked. success, .such 
experiments cannot. be applied in another case with any degree of hopeful- 
ness unless all the conditions are known. 

The various: causes of tube failure may conveniently. be classified .under 
two heads, viz., (1) Causes due to the tubes, (2) Causes due to: external 
conditions. 

(1). Causes a to the Tubes. 


(a) Latiinations, spills, &c. 

(6) ‘Faulty composition. 

(c) Unsuitable’ crystalline structure: 

(d) Mechanical sant & @.9., collapse under picking. slit, season- 


cracking, &c 
(2) Causes 4 to external conditions. 
(e) Local accumulation of corrosion products. 
(f) Tab 4: of foreign substances’ on’ tubes, sometimes giving’ rise 
to (e 


(g) Subsidiary: supplies’ of steam atberivig condenser apart from main, 
giving high local temperature,’ and, sometimes, external erosion. 

(h) Inlet deterioration on upper internal surface’ of tube. 2 

(j) Electrical leaks’ and thermo-eléctrie ‘action. 
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(RY yh ‘speed, especially ‘with’ dirty: inlet’ water, ay’ in! certain harbors 
locks: 


(1) Entrance into certain waterways, especially when bey ‘ive new, 29., 
ship canal and ’certain ‘tropical rivers; ‘certain docks; the Tyne at 

‘Certaiti petiods of the’ ‘year; the tipper reaches of the Clyde: DIGs 
“(m) Air-sucking due’to rolling m’ bad‘ weatlier, ‘air leaks ‘in’ vay line; &e 
(n) Unsuitable design of. water-end, 

(0) Fetrule troubles. 

(p) Too high a temperature. 

(q) The presence on new tubes of certain iron compounds. ' 

(r) “Short circuiting” of contaminated cooling water. 

(s) Seasonal or other variations in water composition. 


Corrosion has ‘been more generally found to take place on thie inner or 
water side of the tube and may take one or two “forms to which the follow- 
ing names ‘have been applied :— 

(1) “Complete corrosion,” 7. ¢., both copper and zinc are attacked, and 
either removed ‘in solution or converted into basic salts. 

(2) “Selective’ action” or “ dezincification ;” apparently only the zinc ‘is 
attacked and the copper left in situ... 

The former is usually characterized _by the presence of é considerable 
amount of blue-green basic salt on’the inner tube surface. ‘This salt colors 
the, white’ salt of zinc, and. of ted cuprous oxide ;. a proportion of the zinc 
passés ifito solution. Dezincification is getierally characterized by a white 
salt of zinc —- considerable ssgonnae of metallic copper. 


CoMPOSrTION oF TUBES. 


Laminations and ‘pple? are usually formed during the drawing process, 
atid while ‘these may not be''in ‘themselves ‘the initial causes of’ local action, 
their’ presence,’ when orrosion has commenced’ from other catises, is ‘fikely 
to accelerate disintegration. “Specifications covering the composition of con- 
denser tubes are’ many ‘and ‘varied. Generally ‘it’ may ‘be said! that for an 
ofdinary 70: 30 brass tube the copper ‘elemént, should fall ‘between the limits 
69.5 and 71 per cént ; ‘zinc ‘should not be! more than 30 per cent ; and, unless 
added for.a specific purpose, other’ metals Shonild ‘not exceed’ 0.4 pet cent. 
The" presence of’ iron in excess, of’ 0.1 per, ‘cent is undesirable’ and will 
usually’ be found to’ accelerate ‘the ‘white Salt ‘attack in sea‘ and’ estuarine 
waters. Nickel in limited quantity has given beneficial results, but’ on’ no 
account should aluminiam be present.’ "Tin in’ proportions up to 1.0 per cent 
does not influence the behavior of the tube as, regards. corrosion, ;but, the 
presence of lead will be found to increase the ;tendency to, _dezincify. 
Admiralty tubes contain 70 per cent copper, 29 per) cent, zinc, and. per cent 
tin, and this, composition, should generally be adopted in) preference to the 
plain 70+ 30 brass unless with waters which are known .to.be,only very 
slightly corrosive. Tubes which have received a final annealing treatment 
in the temperature range 350 degréés ‘C..£ 25 a er C. in an oxidizing 
atmosphere have a fine crystalline,,structure; and, this.,treatment ;has no | 
appreciable softening, effect,on,the, tube, but. will, be found. to, retard corro- 
sion to some extent. Mechanical failures are the result of the tube being 
either too,soft.or too, hard, ants these, failures, may, be avoided by careful 
treatment in.the drawing shop. :A..soft, tube, will bulge under ferrule pres- 
sure and a hard tube; may, fail. by ‘splitting, _ Season eracking: is & ‘common 
form of mechanical failure, and, has already, been dealt-with..;...,, 
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“The chemiéal’¢ jeri ‘involved a oy ‘the! loca? accumulation of" ‘corrdsion 
products: ‘aré somew t compléx ‘ad an eth die to’ Pe ‘accumulations! is 
entirely 3 4 matter of chance and ‘is ‘obviotis ore Hey ps é ‘control! either? of 
the tube. ‘manufac urer or the operating éfigin ildrly the presence’ of 
foreign, su ok fom stich as Weed, clinker,’ wood and’ saiid’is> equally outwith 
the control of both’ parties. These substances, . cheinically ‘harmless in 
thetnselves, are Revi theladd instrumerital in’ collecting ‘active’ factors’ of ‘cor- 
rosion.. With new tubes which fave assumed ‘fo protective scale thé danger 
from this source is greatest. ‘When ‘atzxiliary’ stearit!is lel into a’ condenser 
at such a point that it ‘iipinges* on’ the’ lower ‘cold tubes’ external erosion 
may be set up ‘and internal corrosion has also’ been’ observed ‘due to the 
temperature. ‘Such ‘auxiliary steam should’ be introduced at the top of t 
condenser and as‘ far remoyed’ from the ‘tubes’ as’ the désign may: pers. 
Electrical léaks ate rarely productive of ‘corrosion, but’ when such: action 
does take place it will be found’ to develop ator near the‘tube ends. ‘Water 
speed presents one of the most complex phenometia in the subject of ‘cor- 
rosion. A local increase in water speed, particularly with sea-water, is pro- 
ductive of the condition known as “foaming,” and this condition may be 
aggravated, by the presence,of air... The speed near, the. tube walls is of; mt 
importance’ and, generally dt, may be, said that increased. speed. means, in 
creased corrosion,,,,,Foaming has. been observed, pa sea-water, at speeds 
of 5 to:6,feet per second and, has. been, eleapaated, by pearing. ne to 
2 to,,3, feet, per: second... Restricted, waherrands have ound, to. set. up 


undue, agitation in the water, with conlammton ming and. corrosion... Fer- 


rales of. -a: composition, 60:40 brass; are more., SG, oo than 
70:: 30; -brass,, and. it; is, frequently..desirable to se, an alloy..of .70: 29:1, 
Leaky packing and the presence of clinker, wood, are also fertile sources 
of, ferrule;corrosion... Excessive temperature of the. cooling water, es Be coud that 
in, the tropics, is, a. source .of trouble and generally, it .may -be 

within limits corrosion.,increases directly. as. the temperature... Short. cir- 
cuiting, is of frequent. occurrence. in. the .case.of works. situated, .on..river 
sides... The ;water;,in the, outtake jack-well.. may .become. impregnated. with 
daetonn oat and. sik its way to the. Anta ica at certain. states 

et: 


© ebanolibe— sets oF” -piepenion: * 


The ‘ various: ‘methods ‘recommended: for the icnachiing!: of: eabicaiiass amay 
conveniently be resolved under two heads, viz.:—(1)}: Water'treatment; (2) 
Tube *treatment,!\'\Physical:' treatments of water, e.g; by filtration,::is ‘not 
practicable ‘ori:a large!scale, unless iin the:¢ase/of:make-up:water for-cdoling 
ponds, and: need»nét be ‘here: discussed:: SeVeral:methods of chemical:treat- 
ment, such as softehing, neutralization, &c., have ‘occasionally: been adopted, 
but’ as’ this >is ‘distinctly ‘outside the! province:of: the» operating: engineer "it: ‘is 
of little: practical; interest!) Of the: several ‘methodsof ‘water treatment: the 
electrolytic::method has ‘been’ most ‘generally: ‘used! and: has ‘given the ‘most 
practically ‘successful “results, In. its’ siniplest -form it) consists of -zine ‘or 
steel slabs: placed.;:in:the water-ends, connected electrically to the: tube’ plate 
or condenser body forming att electric couple with. the tube to'be protected. 
Although: higher than ‘steel ‘in the electrochemical series zine:is much’ in- 
ferior “for: purposes:of: protection: : Primarily it is! more: expensive’ ‘and: is 
liable: to’ reversal; of! polarity ; furthermoré :it-gives rise :to thé formation of 
corrosive!) products:;:;which may’ reach, the>itubés, :and vit «is: ‘alsosubject’ to 
exfoliation logs.’ ‘Uriless: care; and judgment: are: exerciséd>in the ‘use’ of 
steel blocks ‘little or no protective ‘value will result. As: many: blocks should 
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be used.in the water-ends a3. is possible without. interfering, with the circu- 
lation: and these should be, disposed. symmetrically opposite and parallel to 
the;tube plate, : If, short circuiting is to be avoided the faces of the blocks 
should, be nearer to: the tube plate than. to. any part. of the water-end. 
Perfect metallic. contact between, the-blocks and the tube-plate and between 
the tubes and the tube-plate should be, ensured and in the, case of the tubes 
a soft, metal ring should be inserted when packing. Protection afforded by 
this, method, has been, found to extend not more than 18 inches from the end 
of the.tube. By the application of heavier currents through the medium of 
a, dynamo..or, secondary. battery kept. at a constant ,yalue, of about 3/ to 5 
ampéres per 1,000.square feet of protected surface good; results have been 
obtained, but this method is not only much more.expensive, but also calls for 
very specialized attention to details of installation and upkeep. The posi- 
tive pole of the dynamo or battery is connected to the steel block or anode, 
and the negative, pole to the, tube plate. Contrary to the general belief elec- 
trolytic protection does not eliminate corrosion, but. merely at best retards it. 


TUBE TREATMENT. 


Tube-cleaning by means’ of “rodding out” with'a view to removing stich 
foreign deposits as clinker, shells, wood, &c., has been ‘attended by ‘good 're- 
sults. Limited space frequently renders the “rodding’ out” process imprac: 
ticable and an alternative method of cleaning is by the use of acids. An 
objection to the use of acids is that while it may remové the harmful deposits 
which ‘set up local ‘action, it also has been found to disintegrate’ the’ protec- 
tive scale: “A tiew ‘tube ‘surface is thus exposed which may increasé the 
danger of local action beginning. Objection’ has usually’ been madé that ‘the 
direct attack of the acid on the metal of the tube would be’ serious, ‘but ex- 
tended experiments haye shown that, provided cold acid is used and of a 
concentration just sufficient to attack ordinary ‘scales’ this factor is not 
serious, inasmuch as the acid treatment is not prolonged. 

New tubes have been found to be particularly susceptible to corrosive 
action and the preparation of artificial scale prior to tubes being used has 
been attempted but with only partial success. ‘The principal difficulty has 
been found to be the time factor, as experience shows that to obtain a really . 
resistant scale its deposition must be effected slowly. As a period of several 
months has been suggested, this method has certain commercial disadvan- 
tages; but the results obtained are such as'to encourage the further study of 
this phase of: the subject. 

There are those who today advocate the lining of condenser: tubes with 
metallic:layers,;and:it is known that during the recent»war tubes lined with 
lead: were used by the German fleet, with, it is understood, quite: satisfactory 
results.; For adequate protection the layer of lead should have a certain ‘min- 
imum thickness; and here again a secondaty difficulty ‘arises,’ since very. thin 
layers which appear continuous are liable ‘to develop’: porous conditions. 
Such conditions permit the access of water between the layers and chemical 
action results. “Lead lining should only be used where low water speeds are 
possible: and 'when-accurate manufacturing conditions ‘are ‘available. 

In the choice of a suitable condenser tube the nature of ‘the water supply 
should, wherever possible, be definitely ascertained ‘and fully’ taken into 
account. To classify the several industrial waters is outwith the scope of 
this article»’ Within the limits’ allowed by first cost, the tise of nickel has 
given, good results *where chforide' waters have beeri encountered. »' Monel 
metal is believed to contain the highest proportion of’ nickel found in any 
condenser tube ‘alloy,’ and':as’ a’ resistant to the corrosive |/action of ‘acid 
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waters Monel metal has given satisfactory results. Aluminium-copper tubes 
containing as much. as 8 per cent aluminium have frequently been tried. 
Generally, in. practice, these tubes, are unreliable and should be avoided. 
For ordinary conditions met with in eres y practice the use of Admiralty 
alloy 70: 29:1.is to be recommended for condenser, tubes and ferrules, as 
this alloy has been found. to give the. most consistently reliable pee 
“ Shipbuilding: and. Shipping Record,” March, 30, 1922. 


ELECTRO-DEPOSITION OF IRON. 


A bulletin just issued by the Department of Scientific and Industrial Re- 

search gives an account of an extensive research carried out by Mr. W. E. 
Hughes, late chief research chemist, Electro- Metallurgical Committee, Min- 
istry of. Munitions, into the electro-deposition of iron. Mr. Hughes com- 
ments on the similarity between the processes of crystallization and deposi- 
tion and gives the following practical hints. 
* He has, he says, been asked several times how a deposit of iron that will 
not be hard and brittle can be obtained. Electrolytic iron is commonly be- 
lieved to be both hard and brittlé; ‘and it often is. The answer to the ques- 
tion just stated is contained in the following remarks. Experience shows 
that iron-ean-be-deposited—from the chloride bath, at any..rate—with' struc- 
tures that vary with and depend upon the conditions of deposition. If acid 
be present in the solution, the structure will be fibrous; it will again be 
fibrous if agitation of the electrolyte or movement of the cathode be em- 
ployed during the deposition. -Experience.also.shows that a deposit from 
the chloride bath possessing a fibrous structure is hard and brittle. On the 
other hand, if no free acid is present in the solution, and if “ still vat” con- 
ditions are maintained, then a deposit from! the: chloride bath will possess a 
normal structure, and experience has shown’ that a deposit from the chloride 
bath possessing that structure is soft and or 9g sey Ss wut so thes the 
iron can-be-flattened: out: under hammer blows. 

Let it-be assumed that a thick, smooth deposit of i iron Ss “required. “Ex- 
perience has shown that-when: the is-of fine and fibrous grain within, 
the surface is mooth; but that if are be of the normal type,.the 
surface is irr: : In other words, there is a correlation between internal 
structure and a features ; these can be-observed continuously as depo- 
sition proceeds, -and_hence: control of the structure of a deposit maintained. 
Tovobtain a fine and fibrous structure, one must employ a solution that con- 
tains free acid, or one must agitate the electrolyte or.move, the, cathode 
during deposition. To secure a thick and smooth deposit, it is necessary, in 
addition, to maintain approximately constant the concentrat: al of metal in 
the enn or eer ae is pan 4 an oo Mr. a4 believes 
it to, be :t! ominant, actor, determining the structur: ae 
the other. factors affecting the structure, if not. manne a Ste 
at any rate, especially, in consequence of their. effect upon, the ie 
centration, To obtain a thick, smooth deposit of iron, one must i 
fore use a bath cont free acid or must agitate the electrolyte or, moye: 
the cathode during the, deposition, and one must, in addition,, see to, it that 
the Bet concentration of the bath does not become apprecia biaadaaiars 


ttiueez 
he 








486 NOTES, 


EXAMINATION, OF UNDERWATER FITTINGS WITHOUT DRY- 
Tires «DOCKING,, - 


Before a certain steamer ‘was’ utidocked’ thé ‘underwater’ fittings: were thor- 
oughly ‘examined, overhauled’ and’ refitted; and all‘ utiderwater valves’ were 
closed.” After the vessel’ was’ floated instructions were ‘given ‘for the main 
inlet anid discharge valves to be Opétied th order to flood the condenser. » The 
discharge valve jammed ‘half: open: ‘Divers’ were! ‘sent down: but! ‘could ' dis- 
cover nothing wrong. It had been considered that if the main circulator 
were started up, the flow of water might dislodge the obstruction. As no 
steam was available the steam valve chest cover was removed from the 
circulating engine, and. air supply from the shipyard .was introduced by 
means of an adaptor. ‘In this way an air pressure of 80 pounds per square 
inch was, obtained at.the engine, and this pressure was found sufficient to 
run the circulator. This method, however, proved unsucessful; and the dis- 
charge valve remained jammed half open. As the cost of redocking the ship 
was likely to proye a serious item, it was decided to make'a plug pad to 
cover the outlet. tube, as shown in the diagram. It was considered that the 
pressure of the water outside would keep the plug in. place during the re- 
moval and examination of valve and ‘box. e 
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Merion of Pruccinc DiscwArce Vatve Oprrice. 


‘The discharge Valve’ Was of the' ordinary flat shutter type, and the‘ outlet 
orifice of tube corinecting ‘the, inner “and otter “Skins Of ‘the ship’ was 25 , 
inches diameter. “Unfortunately, the ‘bilge ‘keel was‘ situated near ' the dis- 
charge orifice and it°was hot possible to pull the plug ‘up hatd to ‘its seat: 
The ‘plug was consttucted as’ follows :—Two-irich’ shat ing was used for the 
otter cap, and to this’ a’ built-tip ‘wooden’ spigot was stctired, the spigot being 
a very Slack fit in the discharge tbe.” The length of ‘spigot! ‘was 15 inches. 


Well-greased spun yarn was wound round the spigot at the base making | 
three layers at the outer flange, as shown in sketch. Divers were then sent 
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down to, place the pad in. position, .;The; pad: was, provided with two. eye- 
bolts, through’ which, chains. were. passed. and. these chains wert “secured to 
the-upper deck: on either, side, passing nee round the. ship’s bottom. AS 
the bilge-keel., prevented, the chains keeping Bn SN pressure on, the pad, 
wooden, wedges. were driven between the, chains and. the pad on the side on 
which the bilge-keel projected. As no steam .was available to work the fire 
and bilge Bundy pa was y hele and, ethene air was. supplied t to 
the, steam e ° 1s engine. t was necessary, to use: 

order to keep back any leak, into the. bilges, and also to keep. the ee 
tube clear of, water when valve, had been. removed... In addition, a salvage 
steamer stood bythe, ship in case of emergency. 

When all: was. ready. the valve box, cover was removed, and. the valve and 
box examined... It was. found that a wooden, wedge had, worked right into 
the valve. box; turned end on,..and.so prevented; the .valye closing... It is 
considered that one of the. dock shore wedges had. become held. up| in the 
tube, ‘and when the valve was. partly opened, had worked its way jin, as de- 
scribed. The wedge.was removed. and valve box. closed up, the whole oper- 
ation after fitting the pad having taken less than, 10 hours, By this method 
of repair, re-docking, was avoided and a saving, of seyeral hundred pounds 
was effected.—‘ The Marine Engineer and Naval Architect,” June, 1922. 





THE LATEST SPERRY GYRO- STABILIZER INSTALLATION. 


New 120-Ton STAsirizER To BE INSTALLED ON AMERICAN. PASSENGER LINER 
“Hawkeye State’—GrneraAL Principtes—Some ParticuLars oF 
Rotrinc Exprriments RecENTLY CARRIED Our on AN ITALIAN’ DE- 
STROYER. 


From, time to time.a great variety.of devices has been introduced for: the 
prevention of rolling of ships at sea,.| Remarkable advances have been made 
in recent years, in the matter of luxurious. ga on; beard: ithe 
largest, liners, but) itis significant that hovel ont ag ig progress has not: been 
made in eliminating the very obvious discomforts, associated with the heavy 
rolling., experienced. in rough! weather. .. That. this, is so, and that.even the 
largest,liners are; not proof against. the forces.of, the elements; was’ :demon- 
strated some’ months ago when the Olympic, on a voyage from New York 
to’ Southampton, .developed’ an: alarming roll and. had several ports. stove in 
during.a gale) of, unusual severity. - fa anti-rolling devices Have’ assumed 
various’ forms, An\ arrangement of pendulum weights has beén tried on a 
small, 'scale,; but. owing to the space required, atid the difficulty of adapting 


this, arrangement to vessels of. large size;it: hasmot found extended! applica-. 


Hem , Several well-known. liners:-have: heen — _— ‘a system of ariti- 
tanks, and while. satisfactory, results: hav some cases::been te- 
abe super obids restemnhas neath ims means getieral.: Th 

of, the. principle of the gyroscope: to the, “stabilizing of ships -bids 

Aah ensure; a greater degree! of comfort to oe in all -weathe: 

than any.,device hitherto. evolved. The:gyrdscope asa ship: stabilizer has 

pase perfected.-by Dr. Elmer A. Sperry, and: several vesséls: have: already 
cy eroranes with, the: Sperry Gyro-Stabilizer ‘and have given: very satis- 
pow. 


é fare ea ea coats ewes es 
uinivere Lyndonia ughelino ¢,/an Italian’ preemie of 1,500 
tons; and. the American troehat, Huron. a addition, there are under ‘con- 


struction, equipments for two train er orem for the Japanese: Gov- 
ernment, a.10,000-ton cruiser for the Japanese Imperial Navy, and a set for 
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the 20,000-ton United States Shippitig Board’ passenger liner Hawkeye State. 
This represents the largest gyroscope so! far’ constructed in ‘the ‘wofrld,.and 
it is also the first gyroscope to be installed’on a passenger liner.’ ‘A\ series 
of tests was recently carried out on this unit at the Philadelphia works of 
the Westinghouse Electric Manufacturing Company before a representative 
body of naval and merchant-service ‘engineers. These ‘tests’ are reported ‘to 
have been of a highly satisfactory nature, and it is understood: that this 
gyroscope will be installed on thé vessel-as soon as service conditions. permit 
—probably during this month. The stabilizer weighs no tess than 120 tons 
and is designed for a speed of ‘800 revolutions per minute. During ‘the test, 
an overspeed of 10 per cent was réached, 4.'e., 880 revolutions’ per minute, 
and it is ‘stated that such is the energy stored inthe ‘flywheel’ that: it will 
revolve for a period’ of about 18’ hours after the power is shut’ off. 

We prodace a diagram illustrating the principle on which the main gyro- 
scope futictions, ‘The action is controlled: by’a small gyroscope situate at a 
convenierit point in the vessel. This control gyroscope registers’ the direc- 
tion of the roll'and automatically sets in motion the main gyroscope: in the 
direction necessary to’ counteract the motion of the vessel. The stabilizer 
consists of a heavy wheel’ electrically driven atid mounted in a cast-steel 
case which is provided with bearings’ and is ‘fitted in the ship with the’axis 
of these bearings in an athwartship plane. The spinning axis of the gyro- 
wheel is at right angles to these bearings. Should the case be moved in 
its bearings a powerful gyroscopic reaction is produced in the ’thwartship 
direction... The control gyro, on account of its great sensitiveness, responds 
to the slightest acceleration of the vessel in the ’thwartship direction, and im- 
mediately an impulse is received from a wave, the control-gyro energizes 
an electric motor, known as the precession motor. This motor. turns, or 
precesses, the main gyro-case by means of the toothed quadrant shown in 
the left of the photograph. Precession (of the’ main ‘gyro-case’ prodticés a 
powerful gyroscopic reaction in the ’thwartship plane, which‘ tends to’ neu- 
tralize'the rolling impulse caused by the wave. When this' impulse has been 
destroyed, the control-gyro stops the precession motor and the apparatus is 
then in a position to deal with the next wave impulse. 

A series of rolling curves’ “were recorded from. actual: tests® carried 
out on the Italian Navy Scout Guglielmo Pepe in the Gulf of Spezia fromm 
March 3to 11 of this year: “These curves are of considerable interest; and, 
with the amplitude of roll plotted against a time base the results are readily 
visible. Inthe top set.of curves the! vessel was stopped: and° was ‘rolling’ 
under the influence of alight ‘swellon the: quarter. The remarkable’ ‘roll- 
queriching ‘effect. when the! Sperry gyro-stabilizer is brought into action’ is 
clearly shown. ‘The two lower curves’ show a comparison betweefi*natural 
and: forced: dying-down’ rolling. «In! this case the ‘vessel was in’ still: water 
and rolling was developed by men, the: mean og of roll “being 9 .6' sec- 
onds and: the: maximum: amplitude 15 °d Under ‘natural conditions 
dying-down ‘was not complete until 31: oscil tions had taken place subsequent 
to: the cessation of the rolling éffort..° With the gyro*in ‘action, quenching 
was comiplete within the period occupied by just’ over’ one’ oscillation: © 

Having. regard tothe enormous. ‘energy generated in ‘a ‘flywheel ‘of this | 
magnitude and. revolving at ‘such highspeed; ‘considerable ‘disttission has 
naturally been raised as to whether the gyro-stabilizer does*fiot impose’ ex- 
cessive’ stresses’ onthe structure of’ the’ship.. A sea wave approximates’ in 

the trochoidal: wave, with ‘a ‘height varying from 1/16 to’ 5 Of its 
length:>! Phe maximitm inclination of ‘stich ‘waves is ‘about 12 degrees but)’ 
as, this inclination is ‘limited im ‘extent; the” effective inclination—inasmuch 
as this-mofte: nearly determines the: motion of: the: ship—should be! considered,’ 
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and this may reasonably be taken as about 3 degrees. The rolling of a 
vessel is not the direct result of any individual wave, but is the cumulative 
result of a large number of relatively small impulses. Should the vessel be 
free to respond to these impulses a heavy roll will inevitably develop, but 
if each individual impulse is neutralized or quenched as it occurs, the con- 
figuration of the vessel will be practically unchanged. The forces brought 
to bear on a ship by the stabilizer are therefore only those sufficient to 
quench the roll increment for which the stabilizer may be designed. 

Owing to the .localized weight. and the anti-rolling forces developed, 
specially reinforced fouridations’ and heavier scantlings in the vicinity are 
naturally called for, but inasmuch as similarly-strengthened seatings are 
equally necessary for engines. and reduction-gear casings, no undue diffi- 
culties should arise in this respect, The loss in deadweight-carrying capacity 
which ' ‘might ‘be ag as an objection to the fitting of a gyro-stabilizer, 
does, ot,.materially arise in a passenger. ship,.and will certainly be com- 
pletely aerial by the additional comfort afforded the passengers.— 
“The Marine Engineer and Naval Architect,” June, 1922. 
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NOTICE: 





A NATIONAL ENGINEERING MUSEUM.” 


After:the DeLamater-Ericsson ‘Commemoration on: March 
9th, the 60th Anniyersary of.,the, Battle between. the Monitor 
and Merrimac; the American Society of Mechanical’ Engineers 
appointed a Committee to,.co-operate: with, the Committee! in 
charge in making a collection of historical material connected 
with Mr. Cornelius H. DeLamater and Capt. John Ericsson 
during their 50 years’ association (1840-1890) as the leading 
factors in the DeLamater Iron Works, at the foot of West 
13th St., New York City. These Works were the largest 
institution of their kind in their day and there during the 
period mentioned developments took place in Naval-Mer- 
chant-Marine, Ordnance and Industrial Engineering which 
helped materially to raise this nation from comparative unim- 
portance to its recognition as the leading nation of the world, 
and yet of the details of this accomplishment there is no rec- 
ord. In fact there is nowhere a tangible record of any of the 
steps whereby this country has attained its present command- 
ing position in the world. 

In seeking for a permanent depository for the DeLamater- 
Ericsson Historical Collection the Committee conferred with 
the Smithsonian Institution at Washington and its Secretary 
sent with his reply his latest report on the National Museum 
which is under his custody. The concluding paragraph of 
this report reads as follows: 

“Museums devoted to history, art and the natural sciences 
are established in all of the larger nations of the world and 
many of them have established in addition, educational mu- 
seums of engineering and industries: Thus England has her 











NOTICE, 491 


South Kensington Museum: France her Conservatoire des 
Arts et Matiors (at Paris) and Germany her Deutsches Mu- 
seum (at Munich) but nowhere in this Nation of ours, the 
most advanced in the application of the engineering and me- 
chanical arts, is there a similar institution. The commanding 
place in the world which the United States has reached in the 
short spate ‘of seventy-five years is due largely to the full 
developmerit and utilization of mechanical power’in the ex- 
ploitation of ‘her natural resources. It'is this’ that has made 
it possible for the people of the United States 't6 enjoy a 
standard of living far and above that under which:the peoples 
of the rest of the world exist and still no. public:sign, of appre- 
ciation either national or otherwise is to be found.anywhere. 
What more suitable monument could there be therefore than 
a Museum of Engineering and where could there be found 
a more logical place for it than as a.part.of the great National 
Museum ?” . 

The Committee has responded that it realizes the responsi- 
bilities to be incurred in assuming the performance of such 
a task as has been proposed, but feeling that now,.is-the,time 
to do it, for every day, passing is one during which the records 
needed are being lost and men who. were leaders in events are 
dying off, and feeling that with the. backing of, the American 
Society of, Mechanical Engineers, the largest. Engineering: So- 
ciety in the World, it is strong enough to do it, it has.started 
the movement, 

It is desired to make this a national movement in. which 
every engineer in the country will participate... Engineering 
societies and Alumni Associations of Engineering Schools are 
requested to communicate for further information with the 


Joint COMMITTEE ON THE 
NATIONAL ENGINEERING Museum, 
Engineering Societies Building, 
29 W. 39th St., New York City. 
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ASSOCIATION NOTES: 


REVISION OF, BY-LAWS. 


On July 8, 1922, ballots cast for and against.a revision, of 
the By-Laws. of the Society submitted. to the Membership on 
April 8, 1922, were counted. . The vote was as follows: 

Total number of votes cast, 233— 


ye. ingot ge lina sigan ee han tly ial rut ile 221 

| eptanaiien tig con Gerietiaianm ant maaan 4 

WUE ST VOURTOE. ee ape cesieetiikecas 8 
MEMBERSHIP. 


The following members and “Associates have joined the 
Society since the last report: 


MEMBERS. 


Anderson, William B., Lieutenant, U.S. Navy: 
Ault, Willian B.; Ensigh, U. S. Navy: 
Barrett, John B., Lieutenant, U. S. Navy. 
Baylis, John S., Lieutenant, U. SC. G: 
Beard? William’K., 824 Park Avenue, Richmond, Va. Ex- 
Lieutenant, U. S. Navy. 
Beckley, Chester A., Ex-Coast Guard Lietitenant, 313 
Pequot Avenue, New London, Conn. 
Benoist, Wilson A., Ensign, U. S. Navy. 
Buchanan, Walter B., Lieutenant, U. S. Navy. 
Camden, Bernard H., Lieutenant Commander, U. S. Navy., 
Christensen, Bernhard, Ensign, U.S, Navy. 
Clarke, Reuben R., Lieutenant (CC), U. S. Navy. 
Coleman, Beverly M., Ensign, U.S. Navy. 
Cotter, James J., Lieutenant, U. S. Navy. 
Davis, Edwin W., Lieutenant, U. S. Navy. 
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Dorry, John E., Lieutenant Commander, U.S. C. G. 
Eggleston, Thomas J., Ensign, U. S. Navy. 

Ellerton, George C., Lieutenant, U.S. Navy. 

Farwell, Lorenzo C., Lieutenant’ (E), U.S. C. G. 
Ferris, Floyd, Ensign, U. $. Navy. 

Flanagan, C., Lieutenant, U. S. Navy. 

Gibson, Francis $., Lieutenant, U. S. Navy. 

Green, Nathan, Ensign, U. S. Navy. 

Greenslade, John W., Captain, U.S. Navy. 

Grubham, Myron T., Ensign, U. S. Navy. 

Hall, Carroll M., Lieutenant, U.S. Navy. 

Halverson, Chris:, Ensign, U.S. Navy. 

Hammes, Roman: B., Lieutenant Commander, U. S. ‘Nivy. 
Hampson, Edward W., Ensign, U..S. Navy. 

Hancock, Lewis, Jr., Lieutenant Commander, U..S. Navy. 
Hand, Earl V., Lieutenant, U.S. Navy. 

Hannah, Tony L., Lieutenant (CC); U. S. Navy. 
Hardie, William C., Lieutenant’ (CC), U. S: Navy: 
Harrington, Archibald-C., Ensign;'U. S: Navy. 
Haven, Hugh’ E., Ensign, U. S) Navy. 

Hibbard, Charles, Lieutenant (CC), U. S. Navy. 
Hunt, Walter M., Captain, U. S.' Navy. 

Hutchinson, Myron W., Jr., Lieutenant, U.S: Navy. 
Jacobsen; Jenis V., Lieutenant, U.S. Navy. 

James, William, Lieutenant, U. S: Navy. 

Johnson, Charles M., Lieutenant, U.S.) Navy. 

Kerr, Raymond E.; Lieutenant, U.' Si Navy: 

Keyes, Frederick C.,.Lieutenant, U.S. Navy. 
King, Frank Robert, ‘Bicdhennat: U. S. Navy, Ret: 
Kitchin, Howard W., Lieutenant, U:'S. Navy: 

Lee, Samuel E.., Ensign, U. S. Navy.: 

Lewis, Clyde L., Lieutenant, U.S. Navy.: 
Lonnquest, Theodore C., Lieutenant, U. S.: Navy. 
Lutken, Harold:I., Lieutenant, U. S. Navy. 

McCord, Charles G., Lieutenant Commander, U.S. Navy. 
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McNair, Frederick V., Commander, U;.S, Navy. 

Mack, Brice H., Lieutenant, U.S, Navy. 

Mead, Stuart .P., Lieutenant, (CC), U.S: Navy. 

Molloy, Thomas M., Lieutenant Commander, U. S.C, G. 

Murphy, John J., Lieutenant, U, §. Navy: 

Murray, James D., Lieutenant, U.S. Navy. 

Nelson, Frank, E.., Lieutenant, U;.S. Navy. 

O’Brien, Thomas F., Lietitenant) (CC); U..S: Navy. 

Odlin, Lawrence. .A., Lieutenant. Commander (SC), U.S. 
Navy. 

Ouellet, Joseph A., Ensign, U.S. Navy. 

Pendleton, Perley E.,,. Ensign, U.S. Navy. 

Perry, Emil, B., Laeutenant, U. S. Navy. 

Prosser, Albert J, Ensign, U.S. Navy. 

Pursell, Ion,;-Lieutenant, U. S. Navy: 

Quynn, Russell H., Ensign, U.S: Navy. ‘ 

Ransehousen, Rogers S;, Ensign, U.S. Navy. 

Risser, Frank, Lieutenant, U;.S, Navy. 

Roach, Philip F., Lieutenant, U.'S. C. G. 

Robinson, Elbert B., Lieutenant, U.S. Navy. 

Robnett, John D., Commander (SC), U.S: Navy. 

Royal, Forrest B., Lieutenant, U.S. Navy. 

‘Ryan, James B., Lieutenant, U. S. Navy. 

Schwab, Frederick, Lieutenant-(SC), U. S$: Navy. 

Scott, Alfred G., Ensign, U. S, Navy. 

Schackford, Chaimncey, Captain; U. S. Navy. 

Shannon, James, Lieutenant, U.S. Navy. 

Sheard, Walter’G.; Captain, U. $..M. C. 

Sheehan, John M., Lieutenant, U. S. Navy. 

Shugg, Carleton, Ensign, U. S. Navy. 

Sinclair, Hugh, Lieutenant, U. S.. Navy. 

Smith, H. Donald; Ensign, U. S. Navy. 

Smith, William E., Ensign, U. S. Navy. 

Staton, Adolph; Commander, U.S. Navy. 

Sterling, Morton: B:, Ensign, U.S. Navy. 
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Stuart, Alexander, Lieutenant, U. S. Navy. 

Styer, Charles W., Lieutenant, U. S. Navy. 

Sullivan, William D., Lieutenant, U. S. Navy. 

Sweeney, Ralph D. F., Ensign, U. S. Navy. 

Thompson, Robert R., Lieutenant, U. S. Navy. 

Thomson, Gerald W., Lieutenant (CC), U. S. Navy. 

Wade, William C., Lieutenant, U. S. Navy. 

Wainwright, Dallas B., Lieutenant Commander (SC), U. 5S. 
Navy. 

Walker, Robert J., Lieutenant, U. S. Navy. 

Wartman, Samuel L., Lieutenant, U. S. Navy. 

Weed, Walter H., Jr., Ensign, U. S. Navy. 

Whitman, Ralph, Commander (CEC), U. S. Navy. 
' Williamson, Tom H., Ensign, U. S. Navy. 

Wilson, Eugene E.., Lieutenant Commander, U. S. Navy. 

Woodson, Eugene M., Lieutenant Commander, U. S. Navy. 

Wright, Henry, Captain (CC), U. S. Navy. 

Zinn, Ralph T., Ensign, U. S. Navy. 


ASSOCIATES. 


Howarth, H. A. Stevens, General Manager and Chief Engi- 
neer, Kingsbury Machine Works, 4836 Roosevelt Boulevard, 
Philadelphia, Pa. 

Nibbs, E.., Electric Boat Co., Groton, Conn. 

Miller, Walter M., Mfg. Mgr., Marland Refining Co., Ponca 
City, Okla. 

Parks, Harry S., Vice-President, Pneumercator Co., Inc., 
4410 Osage Avenue, Philadelphia, Pa. 

Wellman, Jarvis B., 788 W. 48th Street, Norfolk, Va. 


ADDRESSES. 


To insure prompt delivery of your JourRNAL, please do not 
neglect to keep the Secretary-Treasurer informed of your 
correct address. 








ERRATA. 


Dr. Edgar Buckingham and Mr. C. F. Bailey have been 
appointed Civil Members of the Council, and Commander 
Q. B. Newman, U. S. C. G., has been appointed as Naval 
Member of the Council, vice Lieutenant M. R. Daniels, 
U. S. C. G., resigned. 








